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Q_jgiJ 


(j_a 1_ iSIJLliTt-*- JuJLl- l— jL-jSJI I j_ it (JJ _I >14-3.) V 

t—tlaliej S U j , ,. \ 4_u_u _LuSj 4jjL<La CjVjLlU ^lc. CjjjI _L3j .4_j_ GdLj 4£)jjla 

CjLsI _jlSLb^U _La ^_y 2 iy£- ^uJlGj LlA ^C.jl .^LS!_11 

4 3j 3 *>Jl A_ J_V j I 4 «(_3_ <Zj _r>o L^j»_q_>»j ^ ~tl 4_ioi_u^JI 

CjLuIoIjjJI (jr t-£3^ja]l 3j^se_a <_J .«^jl*Jl (Jj-ii (_^JLa (jJjXs)) 

. 4J 4_u Lu-o oj^ua (__£^_tu ^.,4.0j ^j_a l_I£La_) La 
^SLa T u (j! (j! 31 JjjL5e_a i_aJjJj I Jafc ^j-a <—S J—£)l 

ji 

I V La ^^3j (jr G3jjl]l 3 j— i-aHl ^$3 ^j-a ^"^,U 

I JlJu iojj 4J^>- 4_ljI JaJ, I j [£. 3VI £)I La_> im 41 Gaj I I 

♦ ^y-a-ldl jLuJl I Jl^J ^^^a_i ultfll JjuJI ^£jLaJl ^jnaij (jl Jjl La^ . (j'G-a (_)-ul_uJ 

^ 1 3 -J-J l^. ^yA 4 a L_i^_uaJ I ^cX*J 4_ iojjjjJJ, I La-C- ^LI 3I jILa I ^_Ga^-aJ I I La-i 

<jl ^SLaa 4_a_i 4_jji$L3 Cjl-ibJ L Ju>G l_L4ajl 4 0 Jju ^-aj 

. a L) J-UjJ IJ i"'l i.^ l \ 1 t l> i 1t 1 / ^ ^ a ^_J ^ ^ If* l_t_LJJLJ 

J^SLa-i ^ ^I I I iX—it ^j-c, 4_j GsLi^JI a^ 1 ^ J 1 *■ 11 * tT< a 3 _X3^ 

Cjl^JiaJl 4j-aVI I 4^jLaU J .(jlSLaVI j.Laj LajJ 1^.3 Jl>. 

£}£■ 3_L_lsu 4_ill J_ oaj J_:>■ ^1 4_3jL< _toil I CjU-LLu_uj^M CjI 3 4_»_tialjjJl 

.4j ^^LLsVLi (^jLaJl ^r. i^n i' Jaj .-a-~~i 1' 

j-A'jia.U ^ miLoJI (. ailaJl 4JlLaVI ^jia ju jLuJvLi O-uaH^I Jj9j 4 1 -LA 

^j_a t_al£ j J_3 ^sjjz. OjjI J_a3 jJl d<_3jJ! A- 4_3jjjJ,' 4 j^_ 


4_a5l3j ^4?U 4 JLI 3 1_LlA 4JjLlJ.' jjl_stXLi 4_ l^L>JI ( _j_j_■ 1 3"11 

JLt ^ ^jL_2JI 3 Jl^.1_lmj aiu^ c^bSJI 4 jL^j 4.^1 ji\ 

^aJ CjLlj-ilo^Xl (jJa.*.) 












(JjVI 


cL 5 ^j| jj.Wj 


1 ij2 ul5IjCu*I L-SjjJaJ I 


a L^_ji3 a t ^ ^ ylSi I Jj>- I _j ^j La^ t a L_i j-uil I £j a 4 j LiJ I (j t 

j-t-uiij (jaiJ .Eugene Wigner Cry^-ji ^ 6 j— 

Galileo ^-lLJLL (Jails . 4 l>l_ i_uj L^_i_ul^ 9 ^a^l l _3 _liu^JI 14 .aa.ilaJI 


^^oSl I JlSLaj . 4_l£Ij £jjuh J La=j^ (^J^ I—£_L$J CojeoJl (jl£ i NeWtOIl 
c_«£!^£Jl Ju*j «—iL.il>. j jjj> .i4a.ui„ll a 1 I^*i Ill 4-jj-loj Kepler 

(j\£. JuliS . ( 4-La j A- l^. l a 4aau ^ jxu i—Sj-ju ^>^-1 ) Li>J J^- (jy IL>.j ‘■^j-ua uJl 

t *t * * 

4..mn->JI 4 _i_uj_LL^JI ,jl£!_iVI 43_toll CjIjI JlU (j\j Lvj J_a t Ijl _La l—S^ (J£J 

^juSnJI Jla-i _x!sj .L^-fl_ ljI &' jia Platon ( _ 7 nJI 4 j>.jVI 3j juuJLl 

^cJ3 JlS l a ^ Jolj J-uuaaJL Vjl ^3 J—^' (_£ 

<-_j l_m> £jjq £j£ La33 JulS .4o£. ^-5e->iJ (jl ( _ r *-uj Laj *0ja_ i-u.3j a L J_uiJl 


.^JjlII I JJt (jlln i £jU. 4_ul JojVI i—SjjJiaJl u 3 n * 4fij->Jl 

(_^l 1 ..u-uj V aLj-J^aJl (jLa ^LiJL (jloll < J-i.L(,<i (jylc- l—LaS I jLs 

** ' ** y 

,4~t£.j-ui^ 43fs^>- i^seokJI 1 JlA 'la (_p>jVI 4 j>.j (^JLi ** L> ^ < 

* _ * . . * 

Jula 3jJC ujL aLj-uaJl (j! J_u .4_ul jUjVI La.lL CjLLi*U ^J-A 

(jr a_cuj .3 J jL»_a 4_ul Joj I i_3^io _Llc. 4£j^cj Lj-lscj ^-lLlIL c. 


<?JiA 4^j_>Jl Ji JuStJ i 4_aLl 3 JjC. l,3f>J . 4^^_>Jl j i/~.tl | 31 ji 

jf 6 

4_pj_ i_aj La jJtj i 4_ul jJuVI (— J-jJjsj J-lC. 3 J^p>j 4_3j^.Io i 3^ j >-VI 


. (^i LoJIj <_yjlit!I £j ^L<^a.3..11 ) 13.^^ 4_jJI t in ^^a ^^ust^A'• 4_ujIL>JI 


V 






T | a t 


J 1 Ui>3 ^-2e_>J I 4fj^_>J ^)-A jJ I (_yj I J J 1 UJ <__3 ua J I JUTu 

3-S Jiae-a 4_La_3_) (J^uajJl ^3_) 4 j1 ^\ ) < _ y _LajJl 0jllal Ju _LseaJ ^se^>Jl I JlA 
Jj l J-LJ/N- 1_Lfc ^_aVI JUTu V ) . (d J J_ae-a 4. Lv->J jL_uJ.I ^_ 

. ^l»>- (JjkLselL) <_J_ua ^_ ul> :«4jjLa 4_laxj j\ ^la.3j ^_»_ ul>.» 

-" tf 88 * * 

Jju ah juxJt jj _tala {_yi£ '■ 1 ^ ijr 4 _£jj5cj t J_> 1 V al-jj-LdJl (jl J_ jj 

(J^ £jxata ^jS-l j—ual_Lc. (ju IJjvlj Ij— 1.^-> < c. i Villa «>-JS 

.4-tSLaJJ dA£jj>Jl 


A_ La 4_L> ^ <' ^_CJ j-ar..ar.lJ 4_IS-aJ. 1 CjIjL_uJJ ^j__a ^LlHa V 

lj_L£ ) J 3e_>Jl 4xj uj _X_j Jxeuj C_i!jl ujJ.1 0 j <S> <_3 uaj < 4j . al—uaxil 

^j-a . ( 4_ul _lL)VI 4xj_uuJI ) aLall&Vl £_Jaj_a 4 ta 3 < I Li 4 JJj-« (_£Jl 1 ( LfcLaolj 

4j>j 4_clx 1 ujlij £j_j c. (jjJ ^LjJuxJI a i f-^uj <—3 uaj (jl-B Lufc 

. aluaatl I Jjfc ^j_a 4_taJLi (Jfs A_ 4-tSLaJJ Cj'jL t.u.1' ^j_a aLua V J Jx. 

«al—uaxJ!» £tJla_t^aa £)VI (JjLlLlIj :.ij_auLll j_aVI (_yJl j_Li t <1 

V al—ua3 JjJlscIu ^ 3 /tj t CjL>_iIjLjjJI 4J 4_uaa.uaa.sej (_£jJl Jj_sLU tjy J-*J.Li 

La 4_LaJL> Jj£ll jj . Luajl CjIxj uJl ( jr lx <Jj tc_i £__Jal ji.1 L$j) ^ * J 

la.-Joj (4xj_uuU 4 j^Ijj alt 4 j^Ij t JLjuI 43_uJI ^ j) a^ I I Jui ^)-a 

a 1-Ja£ L-kjjuj .4Ja_3_I]l OJl^J LuaiJ I 3 J J^e_a 4Xj_ ujJ 1 4jjLU 4.la.3 Ill 14_i^t_a 

.4_ujljjJl Jse-a 4 j jLU 4lax IU jjiaJl aLjaxj 4_ul JlIjVI t_£jjJajl 

* * * w * 

4x^)_ ujJ I JJxe_a L*_Jaj ~4_la_>J La 4^ jjzzIlx, 4jjLa 4_Iaxj J_IL>u) 

t La L*_Jaj 4la.a-J A- (J.*.ujj 4^^t3l, I jj.IaJ I 4 U 3 < I jJj ‘.3 J JlScx 
I jlj .jjJaJl jL_uu-a ^a < uj j^IaJl aL_Ja£ A_ ( _ jy _Lt_Ia |C-uijj L^-iL^ 

1 1 1 < ^ i i I _Lii> j^IaJ I 4_laxj 4 -w t ^ j Ls 1 1 ^ 1 ... a ^ 1^* 4^axj 

. 4^^_stil J-a \£ (_y j1 - 0 -^ *-^1 UtXJ 1 


A 













IJX. La J-il JjjVI i__a_laJl (jl t__3j_*_) :^_aV 1 ^_aVl ^_L l_<u^ 

4lo'»Ul J_3UJ ) l ^La-Jc-aJ 4_^j_>Jl JJ_>o 4«LjjLlu _ujVI CjVI _>Jl 

J> s 

^ i(i J-l^J' J_l» ( j y lc. 3 JlC-LoJI . («4_ul JjjVU L^jLi i—Sjju i _ 7 HJl 

• J_p*j ^£La_a JJ ^ '■•* j^loJl aL_Jaa ^j-a JSj j_aJ ^ a^ 

dU^i (J$L_j Jl».!j jL_tui^j jjj_a 1 j_Ioj ^ j^laJl f.\—ua£ <=*ljl—il 
jLjj-o d L» 3' (JSLi j_aa V iM Jal ^LaLalij V CjIjLcujj ijj^laJl aLia^ 

JjjjfcjJl j f\ t?~ 11 A_ 1 ol ^“•vl 3^_a3^_A ^ ... ' / ^tl , t*.j lu-llII I _LA . Jjvl j 

. (4jjLU 4.1a.3. l ]' jjL>- ) 4HuJl jLu^?l (_£ j jj^loJl a1^4 a.a ^Aj 

4_uI Jjv L 4jt_Jaj c 3 ^La Uoj j,,,m* Lu La LuI Jo_>JI i h-v ^j-a 

j^lc. 14 j J^-aJtJ' L ^£J j" 1 * * ^ ^J-^La 4.1a. 3. i I^JLlII n ^Ic. ) 3 J^l J 
LaA Jj>-1 Jju ju _LLl jj^^J I aLiJaiij (j^£u • ( ‘^■•' “ ( -^J- 5e -^-' 4-)^-£- jI^a. 

J^Lstlu j_aVI Jj_Lp- (Jj-a-J • ( ^ . JSL.-J 1 ) 4-C.^.,.JLi jJwVlj i ^__iia^JL) (j-aL>- 

. JjvIj Jju CjI j a £ jsk ^ 



ujij; 


H j^tat < <_£^lL<-u-a — > (jSLaoJI 

( jL>Jj JLau 


<1 









4_iSL*_ 4 Li_j jlJ I p t-V, TI 


( 4^ I pic.) 4__£JLaj _ lujJ Ij (jiajaJ, I i_3_uajJ I ^j-a ^ J_Sill! 

piLl) L^-g£L>iJ t _ 7 Hl I 4_u l_j^_LflJ I 4_IUJI ^ 03"* ^ L) - ^ - t -' 1 (_2-l I 

clulfi I 1 3^j9 4j jlXl 4.Ia.nJJ' ^Jaiej pJ I . ( l^-uaLujJl jl clL^tlll 


4JLea^eJU (Jj3^ *— £ '-^^-‘-' q 4-J-iU. I 4 US /ti ajjb L$J 


. 4j LLutjl I _Li_x3 5-^5 : A 1_>01J l_Aj jifi <=L. 4uJ Li) L ^~‘~ J UJ _uu3 4 _uaJl 

3^j* <s~) Cj l m<tl> t J_ uj j-Uul£i 1 i ^ « _Jase j La.) 1 14^^_>JI J_>- oj V 3j_3 JLb 

I^-SeIG L<1^ Ciil j 4_C3»^J ' w '" 1 jL-UuJl ^_u3 ^jl 

i ( V JSLuuJl ) jJt-usall < _ t aLlLq V Juol Jj-Lall 4.La 3.) 4 jvI 



(»0<nTt) 4^ljl — ^_ySLj_4Li_j jlJI j»LlaiJI 4^«IL4 — Y jJSLtaJI 

La TI jLuj_ 4 jJLusaJ I jloI <J ^La. La 11 4 La 3 "> t (i_LLj_$_uJ I 

Llj -Li I La‘» TI 4 ^iilL 












j ^yQ Nj . ^ I I ) JjIaJl 4_J Ij 4 J 3*4^1 CjLkUo^l <_i_i_lL>. 

( j y ic. Lai .4-I-UL.a 4_j_Laj 3 J_a ^1 ^j_a (Jjsl _LaVI I JuA £)l «j.x. j^JI V» 

3j j ♦ na 4_u_a j 3 J_a «lla 1 1 H u J i^»3 i a Lj^_ui] I a 1 air (j Lis t a »11 J--i*. <^r> 11 
3j j♦ i/a L^J^L>. ~ L^ \c.. CjJl^>-~i i i ii «Lc.^_tuJl^ £._Ja^-Jl CjI^-jju I -L>- 

.(ciil j£ (^Jb I Jl>. 

4.la.3. Ill ^..Jaj j-uju ( Y (_]£• dJl ) jj^laJl 4.la.3 t,l 4-t3^VI 4 jvI jVI i_3 n'Vt 

(. rt,i^>3 La-X-u 1 4x.^_uJl z?JlA £_a i_<_<_u Luj 1 4.u.i. "ALL I 4c.^_tuJl (Jjlaj 4jjU,l 

i _pJl 33-3J1 ( _JjLiU 4 j jU. 1 4-LaJL<JI ^-£-j uj j^JaJl 3 ta 3 it 4jJ^_a^-Jl 4^>-l jVI 

4Al_Jal^ 4-aj_L*_a) .3j.3JI OJJb £_a i_i_ i_uLuj <3J-A L^J (j_Ja jjlIj 

:4j.ij-a-*-II 4_>.ljVI idx=vdt :4_jJiiaVI 4_a-ljVI _La^l A_ i_i_ c^j 

*(dy=(F/m)dt) 


4^>-l jVI <?L>ol ijLu ( _ uj ) 4^tILa ij-d J^-Ldl *1 ^j_a 4la.3.') (JA A_ 

jLi.u.a Lu daaw o Lao I t^3»-l j-t_uuL) ^1 t 3ta3 it j.an*al ' ^^jiLuXl j-^C- 

Cj L^-JrJlJ. I 0 j A e_9jju . ( Y (JS! ilJl ) 4.1a 3. zJ I <? J j-A-i (_£ jJI jj LaJl 

aI ta < tl 49j_*_a J_A. jj^iaJl i~tljl ...a JjJu>j ^jL) I_ale. t LA-j-aLu.} l_aLla i 

^1^ 3jl_illVI jJl>u . i^Ljj^IlII ^..Lc. I^-Icr-u ^_ 7 _jJI 4_Jl_cull (Jilaj L7 AualAjJI 

OVUJI4.J . ( _ T -uaLjj a ^Jl j_i _(Hu d^Swua Lxj jJ I ^ Lia..zJ I » ^JLla_i^-a a ^jl 

^Ua_u 4_t-al_>Jl j^laJl CjI jl_cu-a 43J_i jjl LLx^LaJ i4ial_uu_Jl 4 JlILlII 

LaJjJlscILi aL33^^?l jjl_;p-VI ^iajt_a ^jjjia_t3a-a Lul ^jaLuJ 


j-LS l_o jJij : i_i£ 13SLII i?£ j->* 


.At I <_i£ II 4 ^ i^j\ _s l^js 4 j yu Kepler j _LA i _3 _AAI 


1 , r l ,U 1 ljI J_a t_A^ ^ 1 nj-j .4j„a.U..lI Olj^ilI (Jf> {jus I Cm3^ 

(jljA-VI ^)Lj^_j l_SJI 1_al tJjVI ^j^jLall ^_i4> IJlAj ‘^t-A 3 j^j t 









43 jL*J! ^1 431_dsVlj Ll<tVI 0 jl J_a ( _ T lc. dll_3-j.a (jl JJ_:^_3 

I jjt ^.Ia.a 43jJ»3_ luJ (_£ jjl d«3jJlj (_y5eJLLtVI jl JlU I Jut ^useu*. (ju ^_ajLaJl 

‘.^euulj (^jJa-i (jail_ml J 3" 3" 4u_ujU3euJl j-u!juLl! J Jut duilfij . Ltl£ jl jJ»l 

.oLI^ L^jlInC 1^ £— ^_>tj (_£ jJl j_ft jp juj (jl£3 
Ux^ ( _ 7 uJl ^jL_lU (juulauJ (j_3j_u ^ Ls t4_jl_iJ! J Jut Jj_uL>iJ (_!>. I (j__o 

jjtj ‘.4fij_>Jl jj_il3j 4_ul JujVI u3jjJaJl j-u ju-uiuJ I Lau_mVj : L^uuauJtiuJ 

* L$_3 ^^utuj ^^uJl 3 jJLJLi 4^j_>Jl <-Ll)jU (_£ jjl dhj-SuLlI ^JL*J (ju_ujj! IJ_ jl! 1 

A- 4-1 L»-3j 1 SjJLlI (jl (jjJ_U (__p3j33l J3j . 4_f_f_u JuL^JI 4uJL-UU5 l_(_Joj-C. (_£ jjl J 

dlij :c_<£j£Jl (_ T ic. (_><i.a.<nJl 4_ujjLau (_£ jJl < __ r i_£) LuU_I I (J^-LauJl 4JL>Jl J Jut 

(jii a Mil' (_J ts~t t? i ^jJI 4.3L-J. I £_i j_a ^ 3 < * a i xj.ll?>- jujiuj ^I 3j j^ d11 3j3Jl 

.c_<£j£JI (jc. 

i (jy £_uaLxj jJl ^1_LaJJl I j_it dll jl_uj_a Ju_L>u (j_a (j^LauJl (J_u>- I (j_aj 

i La jut j tj^jJuv J£_ ulI 4Jl_toil * Uj 


C-uJjusll! 4u_a 
(—3 J_m^Jl 


A 1 iIhA f ^ 


(j-aj .^ju-4_uJl £-a I Jup»j <_<£>j5> (J5> (jj£ (_polju3l i—ustu t^jJLSJl 

(jA_ilj3 j-j_ israTi) ^_a_t_uJ La jut I Ju Ji_>o jj JujuJl I Jut jj^ Lfl->- 4_uLiu3_i_uVI 

(j\jtJLi dll Jut I iluua ) 4 j jJ 3j3ljllI dll Jut I uJ. Li I j jl 3 jy£u ^oJ j^3 . j 

Ig J_ma3 (_yuJl dLl3j 4i3..i3.->jI 4^j_>JI (jA_j (jjlj.J.1' i_3_d£ (^ylc. ( )3 Jj_seJ.1 

_d La jut Lojv dll Jut I_Lull 0 Jut £_a j-Ll£ (julj3 (j_3ljj jl£j .(j\_ilj_SJl 

. ^^3jit_i 4-1 uo ljus (_yic. a Lj j-uiJ I j i ^11 <?11 a 1 alf 

4_aj»-jdi l_La3 J 3i SjJu^ j-Aj Ij3 4 a^»> jJ (j-a (jjju_i j^uj-i *—3- 

^aj.^3..a (jl :Jj_3JL) 4u_lo J-l^Jl 4-iiII (^jl^ 431.31_du£l (j_a (jA_ uj_uj (j_jjujl 

aII^i (ll (_yLaju 4^j_>Jl (jj_il3 (jlj jjlaJl a l—<3a3 (_ylaju 4_ul JujVI c_3jjiaJl 

4K_dj (_^ jjl (_$jUI (jLtSLU 4-c$wa-l' dil^j_>Jl JljJu>o (jl dU j •(_? ^jaLujJI 

^Liau_i < ■■ ‘"‘ll dll jl at* (jiajtj 4ialu-ujJ ~^jj->Jl (_ 7 -t-*-> ^ _ 1 n a.<iil' ^LLauJl 

I Jl^j 4uusL>JI jjlaJl dll jl_uu3 jUjI ^3 (j-aj ‘ _dsluj (jjl£) Ct S_uiLuJ 

.(^jJL^JI c_Oj2Ul JU. 2— 43 Ju 4-11 i.u.l I J Jut (_^>- (jjj_u ^LLauuul J3j . j_o»VI 














^Lil! At l 


LlUj.^jJI (TXlSLi PQ.q\Q.qJI 

i"il <lj. t-% ,>»VI 4_^j^L d 


t_i£>l^£JI jLj! ^jl-U.n >J' £— jS-Ll t(_£jJL£Lll t_UjJjIlJl JjLstJJ C. AJ& 

(_j£! iloj 4Ji_c3.} CjlIa.->. V-a S<d_J I ^-ta_o (_£ jjl ijJJ j ^lc (_£y a-VI 

CjIjI jJ,Lb : 1 ia. jIjVI 0 j d> 4_^l£ 4_j_Laj J J a i _ 3 lc. 3 J._~xx^aj <_al£ 

V-clfi i?j i"m L^jI jJj t <Gj jj i_<£l^£JL) 4 t-aL>Jl «L_jjJuSJl 4 a^-WIaVI 

£j_a 14loiti I 4j jJL^J I 4^j_>J I <5 _Ld> (JlLa jj (J>-1 ^aj . Jj Jui £ Ja_u jjJjj 

LaLa-> 4jjJL 5> 4f> ^1 4_i .... IJLi ^jLaJl 4aib <jl— ILa ^1 jJaJJl J jatl 

V JSLloJ I (JlLflJj .(_«^SJI 4 -uoiUL) 4_La 



mrtt Liitu‘l) ^^LuiXI I 1 —V t7i TI 

a^ 1 lif?TI |tuLi i^Llj _l>JI 3_i jLa-t-u-I I ISLulSLt^l (jruI^3 

18 J. Kovalevsky Kepler’s Laws and Modern Celestial (( 1975 ) 
j^lojluA l £y* jiL .*\ ‘A.^ i (Mechanics. Vistas in Astronomy 
Sara Bur -£?![yLi juu ljL« tElsevier Science NL Jl 
tj»by.moi erstraat 25 < 1055 












Lj.Sj) or \ 3*ij _uia (jyJLl _ 

£_a Jjj LaJ I Jjju . Lajj 0 A * * jJ jU» 


qJJ ^j_aLl!l j a ^ I' jl— u±A <■1-*> 1 ^ ■. 1 1 

I t ^-"u-U I ^ a 3 ( a £^i—<-u-a £-a 

. ^ ii.a.i^tl I (j^. 4_a^vLiJl 4_u jl_>Jl 3^-9 (^l Li-u I J<j..,:j.) 4-j^.l.t5vJ I 4fi^_>iJ I 

(JSilu-) La <_<fi l^iJl ^_jjIj 4-ll x<a jJjLiu ^c_i _LaJ 

CjLi I j-Ia-j-o^l 4_SjjIa 4 to i nl^j (jjj.Ta.ftJl (jjJaJl 4 jL^j (jjj_u _LLa (£j_us 2 it*. 
(J7 jJI 4i>LkJl (_^l :£-japta (JSLlL (JT ic. 4_uoia-<iuJl 4-sLIaJ I (jjjjj (jSLaa 4jl^ M 

(__sl_L£ 2 _a t^.n a.xi.ll 4alaliuJl SjJiJl (Jjl 3 L^9_ UJ '"' i_$l jLlta. I (jjJ L^jl_i_o>- 

3~j .Ij£JJ LsLiuJI (J c. Lai]I £j c. 4 a^>-LitI 4 3LLaJI 1 ^jlI 

£_a ^jLaL l jai_ l< 3 £^aatil I JjSj (j-a (_^jLjJI J_>Jl (jjfj ^^lc. T-iLj Ijio_JoVI 

^JlC. _l!c. ^jJLiSLII i_<_JjJjiJl ^jLu ^_Lc. LUj_ I^rx-s. L-L .i_ ujjJbj) JjVI J^->Jl 

(j j 1^ Lift t-u^j (jj£_j uj . ( Liu I j La£ L$j (jjj Lj V Lu 1 4i_iJ I 4 j Lu I ji£ I 

d ... i tl t ~'l -’■J'-*- ■ 11 jja.au f. I jj>-1 (J jL>- j_a yS\ j£JI (Jj£.Lai jil t j! ux>~ 

(_£jj >0 .— 4_ujJl (j_a <_Uj-oiJL> i_3jjl. j uj La jj* j i (^jJLfSJI <_t_Jj_alll j Ll 

jjfcj :(_£ji»» VI <_c£lj£Jl jLI ^La^l (J^_ Uj (jy^.1 j_j ^ jjl t C^ 56 _ '^'"' 

J_>.l ^_a (_oj^aiII I JJt _i^alb lLU j Juu .^jVI 4 j>-j jjl ^j_a u-jJjmj 

I I Jl^j j_al_uujj 14^J ^il^l ^t_j ^jylc. i)Li_i^jj>Jl 

£-uz>a J_L>*j ^iJl jjjLflJU I j_^jLjj I JlA .4_JLHa <_u^Jaj 4^>-jl j_lC. I' 

((^^JLi^ ) * 4_UjJl _* J_>jl ‘.^LaLse-a 4^_tA ( j y lc. 4l£_ uij ^ar Ij.IaVI jl J_ll 

.. 4 T 4jjjJI (j_a _L>JI 4_jJl^ i_b\_iia-a t ^ 4_ujJl ^j_a _L>Jl 4__jJ^ i__sl_Jo_a 

SjjjJl (Jiuu ^LaLstil olxJt (jl (jj J LH3 tH MJ- 5 (jt^- —i-ai' (jL£ Ji^j 

.^a->»il 4-i.la^. CjjI J jl la-i^ 4i£-i jl Jjj c_o^_3ll) 4.ia.ia.>J' 4 -pr LlLaVI 

La£ (Jiaj (jl (I J dj cLt-p. (j-a (J^VI ^ Li) dii j (j^. jl ii*3 Li* l^j (jLfjj 

4_i^ ill'll. I 4_j_u j-ail I 4 Hqu£ij La j IJ ii 4x 2.x2. ->J I 4. a-J.3J I £j\ ) (j j LaJ I a I ' 

IjJX. 4 jL*JI OJ _Jatij (jl (jL^J :Cj iljljia_iiaj?l 4_Sjjio jal Jiie3_ uj Li 

.JjJ_>Jl (j-^La^L^ 

jt 

<_o^_3j (j^l _tjj ^_a^>- Cj LiLa-ft-i (Jjj3l I IJ-A (j_a La J JlC. (J-ula-i i—3j_au 


^ t 










jj_ 1 I 1 J 4_jL ' 1-Sj- 

4l<<il<<» 


j>- 4_ ; L3u^»Jl C1 iL_lUjl]' CLua _iJali 1_al^ _ juj 

a_lL> ^^34ill ^a-a-*-jj .4J_ lu-LluTlcj 


( _ y lc. 4 J_f.a.LniHl,' to n La-Lu i£_a_>Jl 4jl ax~ A- J a j_>J I ya j_lc 4-^ila 

^ 3^ ' 4 I 3 I_VllLa JjLloJ . yA 4 ? I_Ilia V JJ_c. 

o, f 

1 JlC. Clt-O. 4 )+...+ ) + )+ ): ^ a *> t1 I . a^^al,I £j \j (j u_U^JI JLuJI 

t ...+ 1 + 1 + 1 4 J 1 ill 1 in 11 Lai .n (_^jl nij 4 n _u^Jl jJl*J1 j^Jl>J1 

£-^_a^e_a yC. j.a.i.uJ (jl Lufc Ju 4 yA ^aLliJU J-±C- -i Jl*JI CjI j 

. 0 -UlLp-a 41 1 ill 1 h"i a L^jl 4 LlaLlliO Lc£_aJ?e_a L 4 I (jl yA ^Jj 1 .<?LlLq 

(jt Lc. .4jjI_SILq L^-iLi c 4-ufeLu-fl ^j-aLse-a L 4 ! 0^1_ 1 .. 1 L lua tlU 

1 ^ 1 4 ... *41111 ^ ^_iiu-*J 1 ^ JlaJ 1_J 1 j \ y. I 11*01 ^J_LL^J ^5\. a 1 lil 1 Jj 1 ■ “ 

l_4-44-1 1_£^j_a^aj 4_ 1 J1 a**! a * * * + ^ * * * / ) + \ * * / ^ + ^ * / 1 4 J_Hill n~l 1 

1 _ 4 a.i^> ya I 4jjI_SjXI Cj^I ml null £— ^_a_>J 1 I, jJl cJu^juJI ^jl . 1 

i_£ _La ^ lc. Ij_c4ij_a-i {jr 1 ^- Cj1j.>>1jjJ 1 a La 1 c ^aJj 4 A_ 

• di^l 11111 „i 1,1 £_a t _J_a LlJ I A_ 

jl Jjj La ^jLc.^_4^j ^4 a 111 Lv 4Jl 111 a Cj^I i nl 1 n".l. 1 <_ jjL aj 4JL.44a ( _Jjl) 


t_<JjJl CjLiI i i 4 -->Jl jjL»Uj La Ij jLjj 4 Ju>Jl i _ y aLu ^_a i_il_L 4 j_>J 1 4 _ijjl^ 

(jjj-J 4 CjLiI _J^Vl 4_2 jjJo 4_al jJtH ujI ^^Irtll y Iaj 1 a t^jVI 

1 Ul ^“•vVl jJ^L>. y-C du^OjJu <4r-^ <_T^ (Jj^S^jJI jJj 4 4j_ml 1 n"l ll C_JjLflJ 

CJ 4 gQlaL.u > A- LtiliLa ^1^ 3 JjjlHjj yA y_it is~> -i Jju 

iJoLalLvVLi L 4 -JI jLtTal 1 y in <11 4_tLa-*-j \ /\ J JjlII (J-u-a-i 4_jJua_*J 1 (JjLuJJ ^_ 
■ eUyhc. CjLiL>- ^_ijl jl CjMj jl ^jOjLi. jl 4jlit_i 


3j-jLslH1 LJIjUaII^ 1 lIuI ^ 


4_2j^_L> jjLso i_4j_ lm ^43 (jVI l _ Lx£Lcj (> _ 7 —4-oUJ ^ 1 ^ Oj _ laJJl aL_3JL 

^alat.l Aj^jLa jMrwL O-al^ -La.3 :«—iL»-v 4_3 jj-L> 1-4J^ lyyA CjLjI jJa l^VI 


^ <5 
















(jia-JU 4-1 ^_ t a.jj jl «Uj-Sj JB Li Lb M>-J . c ^_ua,MSJl jj .-^s"tl ' «Q*_u tiJjjj^aJ! 

UJI LiLjj*_JI i<i Lkl jjjj 1 ^ iHlJI i^j l B iIlj_jJ I ^qJlc. ^—y. .la, i, a 

jj _(jl Li! <_a_(Jj tdiLi1 jia_ubV! 4_ajjla Cr^" Xi t 4 ^lLu!j ^jjjjij 

i— b! _ia! U-i! :(jjj_j CjVjI_jla (j-* 4JLJL>Jl A_ 1_*_iL _ uj M^-l! 

ciU j .Ja j_oa (_j^_ ujJ 4jjj_aJl ^__L4JuJ! 4 j>.j! (jiajtjj 4_LLa_is CjLj.la i 1_ 

ji£VI 4-^oLujJl 4_a-laj^! 3 j£1b jui i _ 7 £Lj_co>KJ! jj _■---»"!' jjija. 

4jvj! (jJa-at-i Lt V! I. # 1c. L ili-jcj >Lb (_£ji>.Vl 4_a-li>V! La! :4_jv jjaJ 4lal_ ujJ 

, d i i.. 1 , 1 ^ if ' i a * it ! 

CjljLt-u.a i_jL.ar>. , ■■ i 4-t$_uaL(jJ 4-a-laal cLaJ • ^_j_iajJ ^j_a LlA Jj V 

JUJ! jui I Juij . 4_ul Jj (JjLujJ ^ 1 Jif-u .,1 Li 4B jJ! (jr ^iicj L^j 4_uaL>Jl jjlaJl 
(_gj..l .S .JI i—jjJiil L (jLuij La-tB ^ i ii a i^i! I ^ Hi 1.1.1 4_i uii! L jj Li I (Jjj lu 

(Jr».l (j-aj • ( L y=i.3t ill L^. Ja.iM £_a ^jjijJj Ha a. 4 ( jgia_<iuJ! £_a (J^Llj i—^IjSJLb) 

jIj^VI ^j_a ^L_lseJ t^LJl (jlj__uJl ^j-laJ t La ^.^fLiaLuJ ^1 la i j jj a ' 
^giaj-a J Jjfcj jl ^_ T iSj I Jl^JJ t 4 jjL jjggaJlJl jLluC.' LiiSLaJ ^4_*_Jaj-a Jj_Lrei! 
4 jMH! 0-lLu! ( 4 j J La 4.la.a.n ) La i_g£jSJ J Jj*j jl ^yLujj .t. ^j£ gj£ 

I j L^-taLuJ La Hi) J J^eJ <_j£j£JI I JjSj jl (JjJLij 1 jLul 4 j Mj aLiaB ^_ 
CjLu! Jj>-I CjMj) jLuI fiQao (j jl «_g£j£L!l Jjla aL.iia 1 .4jjjv CjLvjJ CjMj 
t4jjjv CjLvjJ JJ_ uj (2^\_i£j^J ^jLb LlA (j-a . (cjLij_uj CjM^ L^jJ! l_b! _iaj 

. • ‘ ! Juu jioC 1 ^ JJ-L aLiaBj 

(j^>* LuV _«j-l! JJj-4J j-Jlj V I J^£ a l to i! 4_JLaA.V! SiLiaJI L>-^ 

OJJb cL. Hjjjj •.CjHI^—Tla-V! JjkLfcjj_UJ <_jL£II 1 j_ It l j r A (jggaLiJl J_ua.a.11 

I Jjk (Jia 4Bl_IaJ! Jjuj .^jiLa Li ^^j-aLuJ ^Lia.i ^_a J_al_*jJ Lul 4JL>J! 

(N)l J JJl (j 7 £L-a Lu jj I Lia Lla-H (jl ^jiajluii! . 4^j_>JI Cli Ijj ^_ya Lj L Uai! I 

^jL^Nju _uj) Jju 2N«_j jjla a 1_iaB ^cj ^jaj t4jj_>Jl CjI _a-jJ (j—a 

j Lgua 4B LlaJ I Jj Lirej 1 1 Jua j utatcj . ( T N _uaaJ 1 J JjJ I i_j j ia 

Cgj L ^j^>-j ^ i •' jaj (2N-1) cj! j «4jv 1_ukdii j 4iL>Jl o j_ a jj—L 










4jwl. «*L>-1_ u±A)) ^JLLa_ u^a <jl Joj . jbuVI £jjq I Jju j3.3j 4f>j_>Jl 

jLuVI ^j-' 3 -i (_^l 4 1U- A_ Cj Jj^Iu ( _ 7 _j I j 13jd jl ul«^ 4_j J Lc. 

t ( 11 lij,.' ^ Qa s (Jjv I .<L>-Lt^_c ^j£- ^_y a Vjj <(i_ 3 _L< 3 » 

(_£ j (. 3 j_naj jjIaJl jLuLfl Juu^jj La Jju jJi£ A- 4jalIa.I' Ji>Lirt_il _iLa 

jj J-Ic. : ( ^ (J_) Jl>.Ij Jju CjI j 4f^». ^—^SLajJ 4 1 J_*_) (2N-1 ) 

4dajL(Jl (j \j La 4^1_ ujJsI £_a Ijjla i_i_ i_uLuj 4^lIaJl £j\ .N= 1 

4jjLU 1 <“ t-. 3\ ^Ic. 4^lla.l' diListjl J . 0 La 4IL) Lj 4laijj 4 j J Li.1 

Jjlu c 3. < ua ifjy-LZ *-La ^^^jb 3jjljJl (jl Lc->J iO ubj^^_a 3jjl J t _ y lc. ^LiijJl 

4-Lt.u La£ t I JjvIj I Jju (J^aJLi 4^UaJl daLi^ejl J-oB 1_Lb ^a t ) 

. (2N-1) 4_aL*Jl 4_uiaLjjJl SjLjjlJI 

^Llaa.1.1 4_JLa^-Vl 43LLaJl thd».u ^ t (^j..Li$JI ^ i u a.M,JI j*LLa_tJl (jLi-a 

Cj^L^-LolII J_ibLsejJ LuV) L-i—£^ Jfs 4 _JsLL> lLU j£ dis_iLtd j (Jj IL-J. _ i.uzx.'fi) 

,jLa^>>VI «L_ 3^ ^-31^Jl ijr^ •daLi^e_i^LI 4 _j^LL3^ £) M Jjvjj . ( L^..Lu 

doLlstjl N j_<.u.a-) . I Jjvlj I Jju l^-La jJLL idisLlstjl (j.3- 1 ^ N 

p * 

4_a—i-oJl .2N-N=N : 4 ?j 1 juI JJ c. c_a_t aLiLiJl j^Ls jL_txi-a 

uLuuoiJ c a L-LtSLa-i .(_LJl3 Jju ^_.>»“**.,,. 4_j_c_uLt_uI 4_ua_<b! 4_<^L>Jl 

4*^1 .1 J^jse_a Lu_ lL ^jyTo- (J^3^ ^ i^LJl I Jju NJl ^ j i_a_<_ u^]\ I Jl^J 

t jjjJl (jr a_ ujJ t La 4_u_a j a Jwa JJj-a Jju :4jjjJ 4_^jjv La 4 _<£jSJ 4_jjJu£JI 

I J_uj 4 4x. j_ loJ I i _yiAjj 4>jt < ■■ a ^a 4_La^jJI (_>-44jij ■ i ...-j-w ^cii ^ 

(-JujjuJl I Jub c-jvj-aj ( _y_LjVI (jljJJ Jjj-*-*_^ ^ jdjb . Jj J_>JI ^j.4 4_^j_>Jl 

jl Jul j (JS! ill 'ji <na »_) j Lstlll ^_uj La£ ) I Jo-lj LaLl 

i?Jjb (JlLa aL lu uoVj ‘.4 jL^_> VLa J ujjj ( _ y -ut^J 4(t y £lfLa 

4 1U rt4 3 JjJl2sJU I tJT l£. jl i _ r L Laa^ (j 3~ < i-u 4 CI 1 VUJI 

. (4jL^j VL a ^^LI-uVI ^ m « «ij C . - i> 

JjljJ! CjI j 4 jjj jJl J^edj i^>VI ^ j^-a-dl (JlLaaJ 
.4jjljj 3jul jJl (_ T lc. 4 jjLU 4 L< 3 < t' ^xioj JJjtJj ‘. £>jJ> IJ 4jjLj 4x.j_4jjj 

















(j-ufijjN. a^r a ^1 i jjJju CjI j 4—£js>- ^ \ 4_i_LiijJLi CjJlJcj I jl_a £J 

J^jlla.j I Jufcj .(j-Cjjl j 4.1a .^il^j 4jjLU 4-Ia.^.I.l' jj J_ui 4 J-^j 

4-S.la. I _ iojj ^_lla_ i^T3 a 13j Ha 4ia3j £._Ja^_a J_j _Lao Lj_ lu J_Ld> 

: Jj I . ( i _CJ I ) I _Ljjv 4_>-j 3 i g f. I^jfc 4j3jji£i t 1 ^ £_laJLa Cj I j 

.{jjJjuu 3jLL> 

jljia £ya \ _a ( _ 7 ^_caLuJ _laj I liL_3 * I Juv ila l_Ld> ^ j a «" I1 

JJjt'ui( i 4jL3j_a <jU *4 jjj>- 4j>.jJ N ijy l^. ta <j (_g^JL£JI ^ 1,11 a^i.l' Lt-alla.i 

^ * «. 

3jUaJl _1 i_3jju iN l_dol_*_>l IJjC. SjLla 4la.3.i al_laC.L) jl t4 jjI j N _ 1 

jUJI ^j 5> I _Ld> ^4 jjj4 4£j^J| ^ 3 n (J_d> .S^jIjuJ,! 

(. a.c [ i's\ a £- V L^jI 4-LmLiLLa C'-muJ <_i£l ^£L1I i_Jii33e_a jljjl 

^llLa d*jl£ t4jjjJ 4fsj_>Jl OjISJ dJjIL^a c. he 1_Ja_a _L>-j :Cj^.Tu"i.a 

La.^T<5> jaa- dolSJ ^Ij^l 4 j^Ljj (j^-aLu ^jl j_l3j (jLjjjJ 

jlj-iVI ^ 4 . a. a jjl j__£> JJLj . (^Ij^.1 43_ i—u ojSib jjJ CjI j 4_jjLaJ^VI 

tjr Il i I J_j_L>o 4j_su ^u^33Jl <2— J_l2jl 1II 4_'.£-jl_iIL ^£a.A 4 i inLui.1 

l>j^' 5 Jj J i ipL-s-^ 1 ' ubj J o-^> ^ 

CjI ii 4 jjj4 CjL^j->» ^ajxla £j£. 4_a^- LUl 4 ^j_>JIb . j-.a-.3JI (jljj-^j 4 j^J _uJl 

l^_jJl -i^ju t 4_ul Joj^I 3JL>Jl ^1 Ja u^aJLi J>J-«J ^ 4^-mLxTLa jljjl 

* <4- J-^4' Lh 10 O- 1 ® ^JJJ-® “ Ju *^ ) 

. 4jjj4 4_uIi 4^j^>» 4^j^>J I aJJb JlLa 4 j.a < nj a I jj t v «.i,t.i,il I j-A I _Ld>j 


u 









4JLjU 11 JUlaiVl 

5 \, ..1 111 j a • •■" 1 ^ 1 }~ ' .t~'l ,-^. Vl 4_S_i jio ^Jl JjlJlIs 

i^jVI 4_ujJl i^ya :4_ujljjJl J^e-o Lu jJI to <tl 4f^_>J CjLLu-ss^j 
uilLa-J CjI <?j oJJt O-i IS I jl LoC. ,_J (. 1 < ■■" ' _L3 ... ^cJl i 4_ulilJl 4_u^J I ^Jl 
t LU Lllo _tiai I j-±C- I j j-4-i I _ t.u.aj 4-o l_*J I ( _y —<a I 

(_£jJL£JI <_ £— i ii oriill ^Ua.t]' 4^^. ^jfc 3 ^_l>»VI <5 J-4> o Jj_3 1' 

^_lC CjI^j _>Jl (_jjli •Vi' . 1_$-<_u l_ o_l£ Cj^_ C.Laj (J_(kL^elb (_£ J_11 

(jl J_i^a.oJ' ) (_£jj_<-u ^3jJJi^e-o 1_4-uj <■ 3.1" ->.o_i 4_)jla_^aXl 

c_x3jU 4_i_ iu-ULj (JjsVI Ij7 1 C. i^y i.iqi^iII ^Lia_xJl Lq-Js ^jlj 4-iLvVI 

cjIjI j_o JlfLrJ jJiJJI J^e-o diLuj^iJI JjL_ lu A rljr isu I jjtj .3^_t* _ u^aJI 

.4.^3.a3->J 1 CjIjI jII (jl mi^ LoLu) ^Jt-u 

J_ujjJ^ c?_' «.oiuJl ^UclUI ^jL>. _Laj I l_(jl t ( V 


. ( 4_o[ j-toJl jy LuuX I ^jiajLxI CjJo- Lq I JlAj ) 4jI^_j^UI 














4jjla_Jai.1 CjlSjustil ^£jJl3 t4.la-S.IJl <5J-A l_Ht_Jaj 1 Ju3j (jVl 

Sjj-t-sase-a 4_> jia_tialI jjlaJl CjIjL_iu^ (jib ^ ^j_aj t 4 £jjv Cu Li N L_tiaj! 

Cjl£jd» (_ t 1c. j_aVI I _L4> t _ ;r S_ tl aj . I Jju N CjI j 3jjLiILa V Cjljlla A_ 1_tiajl 

C7 lc jjiaJl CjIjI _uu-a c_il_i.i-v. ^jiaJu 4^a» ^j_a3 . 4_t_ ujLujI 4lal_t_uj ^llaJJl 

^SLaTu ^a-#J La t J alSiSJl i_3jjju LlA LLuju Vj) J al£u CjL> 1 ui> 

LtSLiaLu J Lalla.) <jl J[^3 j I jjj ( Jjjj ^ jjl <-_ujJsuJL) 4_Jj^_ i-uj l^J L.io- ^_a 

c_il_i ti.-a-.Ll (Jj Ls 4jl^ ^1 tjJ^alSJlII (JjLs ^Ua-i 4 £js*. CuLi N l£J _L>_u 

4^jjxJJ ‘~■ ;Li NJl j-3_!_uj t^jjwl 4_£a- (^)-aj 1 j_A .CjVjI _*_a 4ia_mljj 

.Cj' jLt.tiI.' ^-a-aj. J-alS ^_uu JuLtk (. 1 J^Lfc 7^_a-*-u3 o j^-LaJ 1 .-1 ■ >» a »-»r 3 . » 

Jju CjI j SSjjv jjllLa JjlU t ^ a.x^au iJ 1 I JJt 4j1c. (JJjlaJj La ^a^.3 (J^-l 

4^UaJl j 4 _j^1^jL>. 4Jajlit-) £jj Jju I j jj _LaJl al_Ja3 (jjLaJLl . (N = 1 ) Jo.lj 

4_lL>Jl o j A t—3 1 3*\ 11 daj Laa- .(_y_JajVI ^la lu ^L_SjjVLj 

1 JjS> (J_a-stJJ ‘. 4 jj Lj 4_a-t3 1_4> J-lC. 4_3 Hall ^_ 7 jJ1 Cj L—j-Lse-Ll I 

i—3135) daj.la_->- ^a-t-uj J-Lcj . (4i>j_>Jl Cj Ijj ^j_a 4^llaJl (jV) jLt.ua <_)£ £-^_<Jl 
jjJaJl aLjaSJ j ■ ■■ 3"j CjIjLuuJU i— 3_t-aj t JjvIj <jl t J_t^aaej 4_3l_laJl 

.^^^L-aLujJl ^Llaxll ( jjuL t^aaJ Lu-uJ-I a La.ua j ^laju ^ ^ ^ ■ --■•% < 11 » ^ 

rt-JLftJ (_^J_<-uMSJI jj_t^altJl j_Aja. £t_j_<3ajj (jVI L_jjjjLa-a-J ^-j _i-al 

Lt^-a.^ 4_3j l_ 2 ti 1 1 _ya.it-) ^jyl^. (_gj Li m ^ jj I ^jj uul I I JjS> ^_j t-a 1 ) . t-iLjaejJ I 

^Lstjj C-u-ul J.S.3 . (t>Jj Jj>- duL>u jj.t^a7u ( j.l.»"n 4 j 1 La-ti-u Vj t<jVI 

4jjl_a_uJl LSLulS-jil jjlae-a t^_C jLjI j-la_Ja^l 4jj_Iaj 4 ~i33->. ^ jjl j_dAjJl 

(jy lc. jl 4 jS_j_aLu jJl 4_alajVl ^X4> (J5^ Sj—^3 ( 1 J i^a.3Jl jJajI ) 

^ 1 4_l3_u3->J 1 Cj 1 j LjSJ 1 J jju j I < i ijJs £jjq I jj (_y— jJ 1 4 a L) 'V1 j-aa- 

L^j ^a-t-uTu (_ 7 j11 4_j_luL u^l ( _)-alj_>Jl Cj! j — a Lj j-taJlj dlaJ! a Laic _uuj Jj 

4-ala )V1 tJ Jj5j ^X4> (jl (_^1 tCjLil^la_tia^l 4j^-Ia_i 4_ j5jjLu jJl 4_aLajVI 

l3 I JJj t J_alSLtll SJj Is 4.ala. '1 _A LuLj j_t3 J_>Jl CjI j 4_j£L_aLu jJl 

.4jjjJ 4...i.uu CjL^jjv ( 3 Jj Jjt_a q^£j La-Lp-) L^jI£jj>» 








L_2jLuaUI jlLC 


!^ya (J5i j, <" 1' .3 J_C.I-3J1 <5Jl^J f. Lu3_ UJ 1 clll_ lA 4_)l £c_L5e_ca 

tol jliii 4djaJl 2bjJaiJI Boltzmann (jLajd^j j Maxwell Jj^ ,.£La 

4j^_lsaj S jjzya ^jLfs 1 <j_4 UMLu! CjI jLijl jj al^a- ^L-u uj V 4_ljLe_a A_ 

4j^£La 4 al^ 'h J).L*-"u j _aVI <jL^ . 3jLa-U 4 jj jJl 4_ti_JI (_^l d_Ji 

4j»_lLj ^ ^1 t« YV (jjjl ^ * » 4_uj £)_a ) CjILu I jl CjIj jJl ^ie_ca J Jx. 

«4_i£j JjxjVI 4-uajxJl » Jj 9 Boltzman jjLajjj^j (jlfjj • (^ j-**_^ ^ 

L;r _dl 4 XjaLujJI 4 _a-IdVI <jl l_AjLLa (Ergodic hypothesis) 

JlJ V .4^UaJl ,_£j_ uj L 4 J 4f>ja- CajLj V i4_jjl_U CjLLdJl OJ _A JlLa i_3_ 


i_<a.^-a-i '. dj^aelll I ^.ld ^SLlco I J^-i-arJ I ^_A^aJ Ll 3 u3j (J Ld I j I 

Cjla-jJ £jj o ^_i-» _i,^iJI ^ JjlII CjI 3 4-i$LuaLxj jJl 4-a-lajVI 4 jj_ualiJl I JlA 


J-aLdJ 4 Jj 4a-I^-il t _ T A 4 dialI ^cJx. (3L-m L^-Cl V-J I dJfc^ 4 4j^aJI 
£ya ^ds_tail Jjdl CjI 3 4_d_<_aLu jJl 4ala-iVI l_a I :4_jjjJ 4_t_<i L^3^ja- 


4 4_uLl*JI 3 jLall 4_ jj jJl 4 j^ Id 11 V_i ^_3Jl dlTt^ 4 4j^adl CjI _a-j_i 

<jl ^1^ LlA SjLiVI jJao .«4 _^jJi^x.jVI 4j _<aj_3jl)) J £__Jaiej 4_aidl 

J Jx. ^-J^l L^J (JjVI ^5 ‘ I' £)-a ^jJI 4 ah>. 'VU '.(jLlL^jLa ^—-j-JL>JI _J La 

L^J_a La ^jLilli ^ 5 _<JI ^_a ^jJl dlj ^jJ La-Lu 4 4^^_aJl CjI^>^-4-^ 


.^LSLaVI jJ_3j 

^SLt.«.M I i^»" II j-A^a- 4_u^3J, I 4_j_ 4 jjL uVI ^jLLLII Ja-1 ^.Ltfo 

* j> * 

J^.3.11) Ljj£3 jd .(hasard) Jl_a 3 ^VI jl c_ajl_ 4 -a 3 jlj 4-uaTia-Jl L 1 , 114.1 
Li^ LlA ^ya tjjiaJl jLna 4_ul Joj VI tdjjJaJl (j! ( \ 

4 j 3 j3_l£ Lt-uaj ( 4 ^^jlL I JJj_ ^ L 4_La La- (_^ I ) 4_o-^J^a3_ luJ I Cj La- Lliu_ m L 

(_£ jJl 4 c jLa 3 a-VI j)\ i—S-iL^aHll (jL^ . ( V J_ 4 -axJl ^-La-il ) 4-LaTiavll jjLiiiJ 

CjLa-jJ 4_u JuJ.1 4_a-LuVI 4_toljJ ^j_a ( j y _Lu _ u±a 4 4_ua3aJ I ^_a I j^Lu-a Jju ^jL^ 

Cal£ CjljLill 4d^aJl 4 jj_Io_lII ^jl Vl^ .4_tSLLaJ 1 ^L^ia-VI 4_4aLiejj 4 4_jjaJI 








Boltzmann Maxwell Jjj ,..<U j>J— cJ^*J 


4_u I ISLulSLj^a »1 <alf (^)—-Q Gibbs jj o-i-uvj 

«bjj ♦ CjVLqlcvVI 4 _jj_IolJ ^_u5>LLqJ 4£jjbJU (j-u O *-4> 

^iiajL-a (J_l 3 (j-UJ CjVLcIo.VI 4-jj-l^.i J_>• _G (j-U ( _p3J Lu 

“' J> 

!*Kj .<«_3-}|_■ t ' s_ui ^ I»11» :4-4-l_ luXLj 4_ -*■ l~ j^SLc-j *Li j_uiJI »1 «>lr 

CjL!uj_>Jl J J_ c <_ji_ ux>. Ll£^J <-iJ_ I j 

^jC g. Luu_ ujVI 1 *< • t-.~_^V t cLuLjjlJI 3.} I_11 ^yA 4_LtC ^ ' jjl ^se_liaJl 

4JGcILuj! J-&J :Ca5cJ j^jLLs t ; i.i,m.iI VI Lufc (Ji»._Uj V ( _ y ^-9 .CjVLCijvVI 4jjia_J 

(_^lj £— V (Jj^a^jJl A_ ^.la.1.1_ujj . 4_utq-«J I 4 _o-LLII CjLsI _t^>Jl 0jJb £.l^j».l 

.^jjjJI I jjt 4-Poincare 









Q j o'i "> II CLo-bJiJJ djJlQ-LLLSZJI (jolq nJI 


t <n^\5U I ■ 2 ' T | A*i , . 11 . TA ~, T | 3 jLc ( 


I ' I1 j. U (! I 3 j Ic. I ^ L. ^jSLduj isd,c 11 I juk Jj 1 • “■ 

jJi3 . jLejL) J tsnt .aJI ^ajSZ. ^ jjl jj i-saHJI j_<kj 4 <_lLj_5eIiJl ^al*-J 

3 jJ. (_£jlaj! j aVI 1)5U ‘(l)"®3"^ L) a OJ^ J LUl 3-51 £-1 clt9jJu uj\ 

J^nna ^_a V-o (J-selu ^aJj 11 «>•*»• * _tiajLJ (_jjkL>u ^ I j^ I j Lg-f.. I ^Jj^Ls 


(j 7 -i 3£ .(jj—ua^AS I l)lj.Ic. 0->u CjLt-ujt_i__uxjlj CjLu-u_luJI 4 1 3-*~ ^ ~-v ^aLv 

0jJt> dJjJl jl ‘. 4_ul jUjVI L-3jjlaJl 4?L>U <L»_mini ,->J I 3 j£Lb CjjjLu J _<-oVI 


l^ XI 1 4,-t^ILar.U ^SLllu I jjj^aliJ I (_yL. tH_ iU I jJ }Llsu g JuJ I Ilia 3j£LJ I 

(_^IL>.J Maxwell La Cj LL->- ^La ^j_a I g Jli giL ill ^JLu VI jj _Liu ^aJ 

jj ■--*»" 1 1 j_ajjv A_ till j juu tiLSLifuiiIl i)L . Poincare 4 jjI£uIjj cjLLiu5> I 

L_uLLJj _ Iaj <_ t U! 4-iSL-aLu jJI 4_g-lojVI L)J—^ 2 j£j 3 (_$l — i _ 7 SL_^M^JI 

^ylll 4_ij_<fcjj>Jl (jLa^-VI 4_se_jlu — (J_a Lull 4_LL 4.gla. 1 1 ^_& 4ujLa__i_oJl 

ij 3r (Jljla <LajLaJl <jl_a^-VI oJJt (J_u ^aJ Poincare : 4 _jjLuIjj L$j ^1_ £> 

JjVI (. 3is~> IJI jljL (j_i_ u±a (_^lj j|_ lu J-nii .jjJuUJ ^j_a 4_ajad_<_uj La 4 JLjL 

4 LaLa-i C-J-aTt£I -13 4_j_uj_uJI 1^ j 'ISLilI ^jl J 3~ tj ^jjj mi»I I Qj-UI ^j_a 

LfcjlijJuL (jl JlJ ^ ^ H ISLulSLus LaJuu lysj 4_u_ l-uJLJI 4-jj Li <11 jj _l)lj 

4^jju L^jI j _Ln. A_ VL?e_a (JSt.uu 4 ujL <5 _i_oJl l£LulSLjll CxjL£ .^ylLau jjLt_a^ 

4 Ij^jj L j_taJ I 1)1 VI -<> J^lall jl IrU_tlaLjJl 1 ya ~ ^ _< <n 3r~il' ^ 

^-a 1 )^-Ij • (J Lei I I j Jt> 1 )^. La La-i (jLL L. I j i L 4 ^a.^.g.L. ^ J alu l^tSjJt iHiJ I 










1 < U t 1 ^j\£ tCjL-U-U_l_uJl J CjLlLj _LU-g->vJ ' Jj-Lv. 

cjIj^cJ. 1 A. ^j2e_Lll l£_ul£wua A_cjLo_;_<_uj>JI L£wul£L_a d_4_uljj 

j)_a d uu^-o-La dJlLa I <j^-i 1 u^j La j jLaJ I A_ d_j i_iuis LxJlI I (J^AtkJ I ^ "i'v j! 

d-g-Io ^.la CjIjI__jji> 3 d_i >u3J dx3^Jl A_ d_J^la i\\ d_aS-oa l_u jJ I d_g-LviVI 

L <& . jl£3 1 jj-usaliJl ^ 1 n La^jfcj ( Lr>-V ^ia_il ) d_ulj_<iu£. CjI jl_uj-aj 

l_£jj>»l d^j>- jys d-j£wi_aLujJ 1 d-g.la.jVL d_i^L>Jl d_j_<JaLjJl djjJauUl OjI£ 

Kolmogorov JLulI £_a d_^L*jj 4 jiALIJ LiaV La J-3 j ( j.3.:>u 

l l^a.'y L^.iq 1 <jl .■■! jj Smale J Lq-m (jLo.c.1 All i diLujj_Laj 
Cjjjjl Jl2J . ( c_jL£JI jj>»I A_ jJ, I jys ^Jx. A_ d^_^3j_a l^jl VI 

i _ 7 H]l 3 Jj Jl^JI dj^_A^aJl Jjj, 1^ IMI ^jsti a.s d_uLj_uaJl ujjLauJl (jA jl* l^_>.j_a 

(J.q3SLj ^aJ L)l^) j-2 <-^1 Lsj .i iLfLlI d-iL^-i A_ jLc_iL l.^-JI ^_j lZj.lu.li 

L^jlo_>ij ^_y3JI d_(iaifcjiXl ^jLlIII (j-c. LaLa-i *LuLull cjL&jVI (ju ( j_ *j 

.(^Aa^All j)l^_A Coo 


^ILLU^I V\ t I d I j I d_ 4 _UJ Laj_>lJ 1 ^ (Jj^_m£Ld 

^aJA (J-a^. ^La (j- 0 ALj^jbjJI ^L1 ^ySL.i.» jlSJI j^-usaail A_ £Jlu 3 Jjl £j[£ 

(^jJI James Clerk Maxwell Jj^u^L a A*^3^' 

_ 6 ji 

d i . ,i i L i * c l ^ t L d ■ ys Lk] I d i ■ ii 1 ■ ii VI I_3^11 ^ I L d , -~i 1 -v. d A , ^ ^ i ."i I 

3-}l 11 )) ) I i-iL_Jj^eI«Jl If. d uT^ <J? is . ((Jdj uj^La CjVj *_a ) 

^1*J (JjjLuVI I juJlL) ( Jj^.....n5i La (jiuijLLj t \ AVV A. ^ jJl t («d£j^>Jlj 

LajJ c_)L uuVI ^y±n j CjJl>u : ljui.1 Vjl Jjjj .Cjlj_3dJI ^Jo-I « a L-jj-ul! I 

A- (l^u ^ *— JL uoVI oJJt (jl (_jl j-laJJl L^V (_ 7 __J^a-ij «jLVI (J.il3. i 

IjlJLI I Jui d_UJ»J La .jj__SuJ (jl (j£Laa V JdvI^Jl CjJ_>JI (jV CjL^L _uJl £-Ju*>- 

till 4(jlSd,l jl d.L.-a-.UI A-VI <_iL_ ujVI c..3.L.’?ej (jl ^ 

• U.Llu.VI o jla j LI (j Liu (j^S>j 












6 _ * 

4-^j 1 .luTl! I c_)Lu_uVI Cj_L> 0 )) :^j>-I I Juua 4_it£lLLa (Jj£_uu^La J 3" n 

j> * * 

CjI^jju CjJl>o ^aJ I id Vl # Lst_pe_ us (jj£L V I JlA (jl^ jLsl-3 i«4^jl_iilLa ^_jLu 

4-ul^.IJ' 4 JUJI £—. 4 a.j 3.1a CjI^j ij (_£j i_u 4_ul jU VI _laJl 4 3^a.lo 

V 4*_ijlaJl (j^jLa ^£jl_aa (jl I Jufc <_JjZb» : lla>. jLa (■ 3j_<>nj .^l_la.211 

* J* 6 

Jl 3 (_£ jJl j-aVI j_:jljj£_ luVI 4_lL>. jlj_a3_col jJlAJ Vl^ £-1_i^aj j)l (j 

alilTtfa cL jjSJI 4_jjLjjrtll 4-uaIL>J L 4_t-aL>- 4_aJ_ u±a (_£I Jl>- (j-C j j I j-3_i_uj 

i?_ lalh<_>o I_■Hi".* i^ v 11 l__jl^ ...Laplace . ■ y . V ^ 1 1 3 ^ .n. 1,1 

. ( V ( J i^~> e> I I j L> ' I . i j f xi jLi jl_i j I t~j La £— .4JLa->Jl 

(_yi I 4_u.n tl Li (j^st_a j (_£ jJ I uLs^jiuJ I (j Li I^_l>- I (Jj^.mi 5> La <_a_»_Cajj 

e_3j^JaJl <4- ‘ *j3L< ^_jJuJ (jSLaJ d)VL>. 4_aJ (jl Juj tl^laJI (j-a JjJjdl 

. aU aJc 1.1 4 -uL^.LII 4JUJI 2— I _L>- l^-i-i^ Ij-LUt] CjJlssj (jl 4_ul JujVI 
^g.JoljJl (j-a»:4jl \ AV*\ ^Lc A- jJLaul j_ajj-a <4- -^1 -Ls (Jj^.t.H^La <jl£j 
jLpr-1 i .1 a 4 _Jll3Iu_u1.I CjI Jl». V Li j-LuJI (Jjlscj Oj^llula j-±C- i—( jI 


j J_>o «.4 3 j4 J j^C.^ 4_j_u^_3j i_£j_tu 4.1 AIjJI 3J L>JL Lu-£^)_*_a (j^£j V (j\j>- 
4_uL j_a3ll CjLuLilLs : Lall J JjJLstlu ^_a>.VI Joj-iiJl I JlA (jl (_^Jl 3 j Li VI 
(j^LaTu (jJ LiXJ 4LI3" ,■■' jj i^jJl (jA^jJl ^Jx. ■ L.34 L^j^Cj V 

LajJ L^oi-aj 4_uLj_uaJl jjjLail CjLajjju (jl^ (Jj 1 1 Jj I 4jL*J^ (j_a 

3 J Jj^_a j_tC. t La 4 _Lu>J 4t- ‘ ^ a 31 Ij (jlaj VI (ju 4^ L-oJ, Li : (_pD^_a-*J I ^yCL*..u 
. (^ill (j-a jLLa (_yi£. Jj>-Ij ^j-aj_)L<Jl jjLu ) .^ILajjLllL) 


(Jj^ iLa L^JI jU (II tr<31 ^ ~tl jl j_33_Li/VI ^_lc. jj) (jl£ 

a Laic t_£ jJ (jj^_(Lai I (jj^J I 4 j I Jjj j _JuC. £-_ uj LJI j^_3l I 4 j i £— 4i>j^jua 


(JjLuJ L^jI _ i s~i°\ (j-a Jj V 4_ul_do CujI£ l_^ji VI t a 1 —j j_uaJ I j CjL _uaLjJl 

jLal jl till_> CjL _JaLjJl ^aJlc. (jl^ jJii .« J_t>. _ Cj 4j>-Li a (JjL_tu-a» 

allaa.VI oj—tt cLl^ (jl» U-CSL jUtU Jjj ... ^ Ic Jacques Hadamard 













(_£j_u Pierre Duhem j_t_u <_sj_u±Luxllj (^Lj-jiJl <(.4i_L9s 


Poincare 


(jj_2lI 4 _j l^j £- 4_ 1 ISJL I j ^j_a < — 1 Lj_^ LjJI f. 1 alf jjj I _L>-1 _La 

dJllA <jl£ ,j[ Jlj ...II Weierstrass (jJ y. .*^us t ^ 

(J-uxj LiiSLaj l L$s (jj-iLa (-jjvj-cj c_)^LaCu 4 jjU.I JaLiiJl ya n j-lc 

SijjLoILa Cj m\ i,u~ia 4-In_( 4_j_Laj JljJ ^jfcj) dali-Lll aJJb CjLjjI Jn-I 

jJLi ,jl_2in-VI 4_j_ uj l_L4-i SjjLn- |<uJ_23 jjlj_uJl I JlA u.o- 1_ua J_3j ) 

4_>Ln-VI £)l J_23 ju jjoj( jl£j • ( JJ^-cujl <_£JULo CtClluJI 
(jl ya ^ijjl ^,1*4 :4__jj l£LI jj <__t_i_ <s ~>) ya dulLS 3 jjL»Jl £)l Vl^ . ^_A 

. 1—4 uj In- La J_23 £_S Ijj 1 J) 3 n. _l 2£ * 4_a Li ^jS3 jJ 1 J uJ I 1 -LA yc. 43 j Ln-1 

(JT is .cih^-seill ^a-lc. 4_1S_iiu.4 4_jiuS LJS ^.siyi '£_ Jju j _2s 

Jt 

J_i 1 i H j 1 ^j_a j-uj Li_a JSLdj _ uua _L>- 1 ^ J 1 j_uj y J C j In i ^jSLi y (jj L _<■ uJ I 

A_ < _ y A (JT ll! — 4_JjLU ilaLiiJl i£^n- S 4 ' La (jjL) i_<_<_une_) <■ 2oS :4_oSLlil 1 

^_L^j ^3.^.1 yis i 4_jjLS_) 1Lai S 4_ul JujVI t—Sj j lo 11 4.iflljJ.l — ^_ 7 isLi3 (Jc.l_23 

dil^^nJl in-jl a**-a La-ilj _un_>Jl 4n-J ^Lc. ‘-LL13 jl 4_Sj_>Jl 

A_ ^3 La i_La luJ ^-) • A^-jJI Jj-2-i La^ j^IaJ 1 a 1 iaS A_ I ^I — 4-tSLa-l 1 

_L>.^j 4jl l_ 4 ^ 14 L> 2 < ( Jf* j-Ic. _SJ3 4 jC.j_uj 4_a3 13j_23_uua 2S^n- 2JL>- 

4Jj_uj 1 Uj_ uj 4jI (Jj . (^£!_uaLLiS Jin- <Lx~la j^laJl al_2nS £— 4.1a.ij (J5 j 

A_ 4_iL*_c Cj 1_.ine-La Jn»^3 Jj5j : J ~i a ( 4_jn-^J^j^In (_^^_n-VL jl ) 4_j_u< J_LSj 

1 JuSj 4 j 4 .^ 1 (2) a^>3 S 4 _iS_ 4 .ll dil£j nJl ^-j-an- i__2 un3 I j^IaJl dll jL_uj_a 

4(3i2ll 1 (jJ^- 4_LalS 3jjJ jj_LaJl 4U2 i Ju^3 (j\^- La-iS (Jlj mil 

t L^3l 3 4^j_>Jl JjL_*3 ^cu y~uaj 1 1 . 1 2 .1 4_ul JojVI 2Ini. IJl ^1^ Jj_*3 (_ r _^S 








4-xq-Ai' CjI 3 4 3L1I oljLmi' .4 jjjJ 4^jew JfrlJtll jL.nlI i_3_ i^-»j 4jj>-' 

(_£ jJ' ^(.n.a-mJ' ^IL.U' (JLa i J.2 .xa ^UaJ jlj-Slu-ul (jLiiJ L_<jjIu Jy-Aew 4 jlJL 

Ll> Jew' ^jl i i^_yLA ml' JJ JJ (J ^3 : Liew^ OjJ-C. c e.3 i m 

S (jLfijfi ^jia_<j' ^£Lae (Jefcj S4 jL^>UI <__3'j_>«jV' J.la.->J ^Sjjua 

4jjLJL 3 t^jjjJ' jLmi' £j-g [ ».ila ^jLuIu_m-a «(jLujLJl» < jVLaTo>VI (j' JJt 

. 3 Jew I j 3 j_a (_£jmi £_3 j V 

: (jr u L ' <1 ^ $3j2luu.a {J^jla i_£jjJ jLml SjjLeei' jjlaJ' Cj'jL m.a (Jjfc 

Jj Jul 4oljL.,,1' J Jei ^_a <jLu' ( _ T lc. 4_Lt*_a 4_L_>J ^_jjla '"L3 < clul£ I j' 
3JL-u_a 'jjiee-a LlA S4fj^_>j' 4 _c3j aLu' cLLl ji^ (jLuLlJ (J^3 4jjLtlI' 

.^Lc. JSLo 1_3 jLjj j ,i.^l a 4^^_>iJ' j'j.^ru.u' 

i-t'jl ...t l ^L-U lu ' 0JjJi_; uj LLe*. ujLjjL 4jjL£j'jj ' J_) 

jjL^LkiJ' I Jjfc 4j^Laj Jew' 4_l_U Laj .j' j2u _m^?L ^_mJJ 4_OJtl' 

.3jJ±j _ u±a j-^£- i“t'jl ...a 4_ae :4o>.La_o 4et_uJ J_ (J^jlI' 4_jjL_)Ijj 


4_u'JujV' i— 3 jj. I' ^—(JaLiaJ' JjjLaJ' ^ 3 n .i~'ljl ...t' J)' >“<j La_i3j 

jjj_a Jju 4j' ^_Lau ' Jeij .£)-aj-I' £-a ml <_]£_m_> j^^-aLuj 4 j'^ (Jj : ^Lu_ l2> 

4^1 ml' ^ •'-^~ t 4_u' JujV' 4 a j 3" ^_L_l!' <_3j _j 43 J Jiee-a 4_j_Laj 3 J_a 

l_£jew' 4_u_a j 3 Jwa «. Liaej' Jju 4 ^3 ^j-aj ‘ V 4 jJj_ l2xa jjlaJ' ^jl_uu-a t Ju 

( _^e».l.’au Vj . 'jew ^JLfcj A 4 <^_ ^3 4 i A- ^-ijj_4^'_mil' _ue] 4 4ijL^a 

Ll*_ujjj (j' i' ’.^ diV'j-a-UL cJujjuJ' ' JlA ju^_4 jjJu Y _}_l*J' 

...^J' s 4 La 4_uLaj 3 J_a JJ j-a Jju \ * ^_Cuj_ua 4^1_uJj ^j' ( JilL 

(■ e. .ne>J (J i2xa. .1 4 4_J_lie L jj' 4-J-aJLl' I n~ J^lc. '_ l -^’ J- > ~5 

J jLu C 4-t^a- 4 - 44.1 Ls J Jju 4^L_uJ, ' i—Jj-Jeu 4_aj^U' 4_u_a jJ' 3 jJ.' 4 Li < n'jj 

^^a—tjjjj »(_yjL La-L3 'j_»ii^ l < a ^3 ^jJ ' ^Jj ■ 1 3~ 11 £j_a ' jjbj t Y , V Luj_3j 

Y , V J (^hjj 3~ 1 n a j_j£. jjlo (_gjLi.ua 4^Leal' c_ij_JaJ ^j^LI' ^j-ajJ' 

C.4-u>. ^j-a (J^V' ^L. ) Luj2j 4_m3') jjfc (j-a jJ' ' Jet . LiapOUIlOV 1 —3jjjjL i 

^^S-uuLuJ a! _lo-U 3 j_3j _mi' j_i£. O^UJ' Cj'jI _m_a ^-j-a->J (j'J-3i'' 4_uj 


YV 









4_j_ loIxuI 4_»_ LjJ j)_aj jl J_3_a 4_uj j)l ^l 4_tlu_) j)l j^LaJ • La 

. Oj.2Hu.la j-±£- diljLuj-a ^ j < _ 7 S-u 3 l_uJ ^Uo .11 

dll 3 4J I_uui.1 ic-> ( ^ A*\ * ) 4_* _ i_ujjj cbjlSLll^J 3^£da dij _ Lul 

diljl_ i.u.a ( j^a.5>j jlj_33_<_ol ^ Jju 4_^aUjI jlSlbVI 4_3 jLUl _i-.t-vVI 

4jjUJ JaLaJJl £jjQ II JJ_*Jl :^Jl_i J_l5jlj ^ya L^JlS!_dol 4_i ^_uui Laj t jj^-LaJl 

jJsj .r _ luj i<?^Lc.i I_ aLjj^ j tjy _iilj i^yi^Lnil (_]_£.LirJI JjI _pj ( _ 7 -iil 

J «. 6 * 

l_£jju V 4_j£l3jl diLiL »>Jl 4jJ-*_uo <jl 4..^U- 4.3_i^aj jl^VI <?d<l> djj-^-lal 

jjUu 4.1a..->J :jj _aVI 4 »j jt-> ^1^ Ji^ju (J—) t4...n3j-a ^_*£. 4_3jjia ^L_gjjl ^1^ 

^ae.^Jl 4_e.iUJl 4ia 1 _ lxi-JI diij LaLa-i (_J^t_a_*3a3 * ^ ^ a--t3.il H. J J _*Jl 

.)m3«"i 4J L. l^A.^e-a t 4jj.-l.i5iJ I 4^^_>J I l^j ^ _Lselu I ' 1 ^**h 1 j L>- £jja 

. 4.Lu..oJ (_£Li \ a ( _^a.l->:■".11 jy$LaJ 4 j 

dj-3jtill I JJb (_£da i_fll Ar^V Vi“^ 4 jjI£LiI^j 3jjatJ ^j5Lj ^aJ 
JjVI 4_t^liejj t3 Jl^LlJI ^^coLjjJI 3j_j_^a_u ^LaTu (jl£ La-d tc-u-tae-tJl 

L&jSLuI ^yllJI I jiaJ I j^_aj LiJaa 11 4_i_u_!_>- ^yjl d41 .dV 1 . t(_y 4 -°J-i^JI 

A- Jla-u 4JLjia t L 4 ] 3jjL?ti.l dUjj 1 4jjj jJl dlljLtuJ.I 4_*jjljjJ 4 _jj L5_iI^j 


a! a" ^ j'lmfl 4-Ia.mI ^j diljLuidl o J>-£t 4_a-u>^j ^ jJI ^JSLduJl ^jLa^l 

4^^_>J| dul^ (jLs • ( 0 JSLdJl ) (^ILtuil ^a dll jLlu. 1 I ^_Ls 1_3 j da In \ j ..1*13 4 
^ jjlj) ^.Li3..Js I {£cpL loA j^JaJl 4la.3 1 ^.la2j ^a3 ‘ Lali-a jL^iil (jL^ t 4jjj J 

diljLuJll ^iajua jjl _Lu . LajJ l^..u3 1 4.1a3 dl die. (4 jjLLiIjj ^jit.^i.a 4-xa-<<i'i 

(jl£_a (_^l < 2 — I JljJ.1 Cu> j^laJl d U.3 . Jl>.jj (jl jy^_a_i I jJ i4jjjJ 

La£j .4^llaII JaLaae-il c-t^-j-aJ 4^>-LliXI 4 jjISLiI^j ^jHu±a 4_3lada 








4jjLSLjIjj ^epuMj* -0 (JSLtUI 


4_J ^LLI ! Lu> V t 4J Llu-4 Cj IjLlll4 

(_£ jJl ,<,.,<>■I 4 j ^LjJI 4Jl_L^a CjIjLioj-o jiaj lj c_jlj.li <>>I (j \j 

(, h i~,iK') 4jM 3 (j-o jJLSjjVI jl 4 4j jl£_)I jj 

0.4.u.jJ <_il jLa-JaVI 4 -^_uj .(jjj-U pLjjl (jLu jiaitJ ^jJ Jj_L>- 

** *. * 

.4_u Ij-xTu-t I L 1 _Sj_*j Liiaj I I 4-g-i.u 4_oit3 t .V ^ <"1 11 I _LA j_uu I 3 J-o»jJ I 

^j_a lajj*. jl ciJLI j .4^ J ir-itL) tli n j-a j-A La :^jIjj 11 iC. ^.IIq.<^ a.a ^-l*jj 

4 >Jl^J jl ( j T Juu Ijjfcj 4 (_yj!j-tiiC. 4 j MiJl ^Lt,n>.VI 4 jL.i 4 a A_ jjLjJ! CjIjL i.a.a 
^C.jJl ^C. I Jlj 5>j 4 4_u'j,ml»J' jjfeljlaJi 3_il_c. l^J ^-luTij L-aljiw diljLi-ciXl 
(_^l L$_l3 Jl>jj V clljjjtlll ^Ic. Cj^jLlI oIjLJJ OSJt jjf> ^_yA 

jL.ua -iJcseJ 4_ul jlbVI i—3jj ti \ 1 ^laaJU (jl ^1*J t (yiajC j. 4 ^ 1 . Ig. 

Sj jl Lufc jjJ J_4_^il (. 3 j c \4 . }Lal£ jjLaJl 

4JL,»,ia CjljL.ua Jlajju (^-La t. a.^jj Vjl / ,.. 4 till j ( _L»-1 ^j_a 

. La jLcu.a 4_ulJ-L lC aj ^ 3a ^_xxk>jIL) ^j ^j_a ^jJLi j 4 4j^LJI ^1,<,<i>.VI 

CjI jLiua Jl_j_3ju ^ J-a j j I j^t~u.u I 3 j£Lfl aLill 1 (j-aj 


Y ^ 








Jjjjj C_jL£ (J£_UJ 3jL*Tl-UI L _ Hi t I M>»VI 4jl_Ul_a 

cJJJ-a j^j) The essence of Chaos 4 _&» Edward Lorenz 

^L urv^l 4jm I _!>. 4 T 2 _ lmJlA 5jj_h3 4_jh (JjTauJ_ m 

j— u2_(J 4-1 LuT ' 0 S-tb _LuL*_) ^ n ~*~ ' V 1 ^ J »■■ 1 > t' I Juk d<-)l£ (3[_5 

CuJj^js La I jl (jLa-A^LI 4 _LLs 4Jb£ 4 j^L lJ I ^Luia*V! OJ-tb V £jl 4_il JuJl isL. 

J Li£. oj j jJ lil I (J_i.un (jJ^. tl?5^ J-3 : ^jj->-V I (j^_a-H»->J I (JlifLi 
(jC -TJI ^—>■*-<■^■11 ^_j__uj_>J I I _L& 1 (11 a (2) I • IJ 4_j_usj^ I I I^j5c_i 

jjJj jJJl (jjjiwVI (j^-a-i.u.->J 1 JA(.>> j3 1 (_^j —hi CjJlsj Vj^ 3 • Ita-gj 

£)l Ju& L)"^ ^ 1 » uall ^_;_uu>J I I Ju& L^elLa i^j>-VI (J^^> La-^ Jo* I 

U^jl da_j_uu_uJl t_9 1 _uj LL&J 4 4_xseJLLfcl CjI jl_uua (jLa—i-uodl 

4^jo* (_a_u3J ‘ I 4IL) Lj ^IjjJ tl) -* ^ Lu jJ Ij J (jLa-UJ^J 

• ' (J-la-n^d' £_a jjJj CjLjjI Jod ^Ua ' 4_la_ ujI^j juJLusaJl ^_j_uu>Jl 

(jl I^_j _od a ij . _ Uj Ij _La_iJ! ! JJb _a£JI ^ , ,,-^.tl (j^ Cj 

^jni»ll 4_uI jljVI <Lc.^_ujJI (jl i_iU j (JonaeuJ ^:4 j^u uua 45^_>Jl 

■Iu-Llc. 47 ij V . <j ^LlJl Li.ii->.VI jjl J<LuJ 1 (_^"i..t.i.i..a j.j,a. i^-aJl 

^J| LjjJaJ ^j! LLI VI tjjlaJl ^ I <>.A\ jLajI 4_jujI (_^l i 4 jjjv J (j;j_ uj 

a 1 O -4 ^-'- ) ("ct -1 L^~>^ j 1 1 i.i.ai) (^Jj La_L£ ^ a > L*Jl a I I ^L<.u.a 

(_ 7 J-J! J LL loVI ^_hjJ tj ) . i (<i a (^j_a_iJa J—u^scj La (J^ ^jl i_£j-i ‘ J^laJl 


oLul J^VI ji^atua (_yic. (2 )Ll.*^I^JI t"l JSv.ujJI ill JlLa-J 

j Ll ad I (_ylc. * :4 _jJL(JI CjLuIjo-VI CjI li (j_ALla j-jlC. jjj^-a) (jr 2 £V I 

l a-h. 4 (j^_a- 2 cuiaJ I £j\ a < ii>J 1 4 (j^-ajJl * * A j ( * , T — J.i^a.^lVI ( 2 )-® jl ) 

( 2 ^-ajJl (jylc. (^ Id I ^-uii^>J I ^ ^ Li.4ij 11 lt Li (^ jJ I ^-uiu>J I 4.1.,<: ( 2 jL 

.Cjlj-a ^_ijL 













{jjQ <<>*) ) .j>l «»>. I ujli Al Llll^-U jLul t<a°\ — *\ JSLtlJ I 

tjjo jlu .E. Lorenz J993 (Essence of Chaos cjL£ 

(.University of Washington Press u^jjj jlzlu, ij ua/l 


' CjIjLoj- 0 jljji (^JLc.) 

( j y ic. UojjvJ . LfcjjUo ^C.J 4 _xjLlLq <Luljojl t— 

4."J."£ (jl uL^ l_L£. (_<_JJU (jl (_ r 3U_U i(«_«£^£Lll)) ^-Lt-a-->J I ^j^ujJLuj 

. I _L>. 4.1.1 i.Ja 


' “ a ^ jiT l"i < 111 LT^tJ - 5 E<ia^J I J 1 .i.al.I ^^ 3 ^JSLi-uJI 

CjI^-o V (jljjJ ^hul (jiajLjJl 1 g il SjjLse-a CjIjLuJJ OJJb <jl 

s * * 

(Jtrfta.alj Llifcj i ^seJJl <J^». 

CjljLt.n.o i ^LlLq (JSiLJuJ j^LaJl ilaLdj JlC.Ljjj ( J5v.i.".ij (jljLtuXl 

(jy* i<iii<ij tj_t2jLiII <l*JL oljLuil (jl U£ *Ciajl 6 j f) i i .• a ^ i C- t--s 1 1 


n 









1La (JaLt.uTu I jJ . 4_u'j .^r dil jLm.a Lgjl CT JL*_a Ja Jl%HI 
j_»_ujVI ^asJJl fjl\^ l_j£^£JI (Jj-c .j_t*ijVI ^stJJl jl £yAJy$\ ^ssJJl (Jj^ 

J<LuJ 1 • JlJ jJJ 4^1-Jal^ 1 i * i dj-i 4_jl VI .^.Jalj ( jj 5> VI ^-LifUl ^ j ) 

I t_<£jSLII (jyjl Ju>.I ^J-uLaTu U_a^ (jjjjJ i_)Li£ ^ya dJJ li£ jL*T llu.II ) V 
La ^^yic-VI (_jiLa-» ."l ' <^_ 4-liLaJ,I diljLt.u.11 Jl».V £)-ajJl 4_JV Jj 

Lai *^lj£.l \ *j * Hal llC.I 1 (j-ulll t^uiaatill J 

a a 1 n cJl-lJI JSl.nJ I I Ji_A ^_a ^SLa-J . LaLc T* ^Jl ^ * cl) - ^ —d-a—iJ3 a < u VI 

^j.Ia .,1 Jc9 t ( }Lxa Laic. W ^1 \ i £ya ) 4_xo*_a 3 J_a <J : 4_u IJ-iujlI I ^JJlA 

VI tj^jjjVI ^ae-LU (J^alae-a t_<£^SJI (jlj t La _L>- ^1^ 4_aJa3-La 4f>j_aiJl ^j! 
.^j-a->VI ^asJJl J|^>. (jljJjJL) ( c Laic. ) ^ Julc. Lufc) SLstS I Juj 4jI 



Jjo -E- Lorenz <1993 jjj>J .<^1 ^Essence of Chaos 

(.University of Washington Press i_a/l jJlu 











dlljLi .ia (J£ A- ^-jLiiu J-j£- IJ-iia*]I ^-1 IkJ I £)l SjLioVI JJjxJ 

(JjvI ^jjQ d ^ fc»"< / a dilii J_>»J .4_ul JojVI t—Jl ( _ T ic. tjjlaJl 

Lujj 9 4_ul jUjVI 4 lo-a-UI J_lc. i__<£^SLII ^jlii (jl_3 .(_£^>.l 4 _uI_lL)I 
I JJt JJ Ju <,tig> t4_5jLaJL) O..<.o-J 4X.J-CUJ t I Jjv I i__sl£ (JSLdj 

4jL_a^Q 4^^L^-> \ (_£jjl jLaiiLl 4_j_ulu djIjLull ^j -0 £^_Ul I Jufc) .^-*-1)1 
II o (~l 1 I 4_5L_U-/3 • L^J 4_ll ^J^l ^yjJl 4-1 MiJl ^ L i ■a.'V V 1 

A-lSJI jJusJLj I Jl-uu 4_ul JujVI 4-Ia.ar.U1 JlIc c-t^SJl (jl£ I il^ Lai . (j, a t?llj 
(j-l-a^se-xJ I £jjJJb 4J_a^>- J[^>- JJ J,_t( <i*4 4 4ia^_a_a 4x.^_uxJ tj-\_a^5e-jJ I 

. LujJjj I Jl>.Ij La..<.»i>. (j ^LSLUlJ Lj^-JL£ j 
4j}liJl ^L_ll>-VI 4J L. 11 ./Q ) JljJl5cHJ! 4_iJ Li 4J L,„ <3 LlB J1 1^1 

J^Llhi dll !i l^_il _L>-J (JjjLiir*. 1 ( Ljj I 4 jlo j < 11 i*711 dil j 1 I j_jSL) 
£_}liaj ^luD V i4_i£_j_flLu jJI 4-a-Ia.iVl (_£ 9 _Laaj <jl 

4 f~i l^*i~ i a diljl_«_u_c ^ If iI 4 Jl_i_u->3-> L>JI ^L:JI 4 -LsLi-u-lJI 

4_Jl£. 1-l <J La dJ Jl ^>0 (jVI LL.lc . JO»lj (jl A_ 4_ul^_tiaf. «=*L>L—J 

.^yjl^.MI* ll ^-1 l.lojl 


4_d I ^ i'ii * TI 


4_0_UJ 4_|^_U3 Lu jJ I 4.X3.If3.lVI A_ JJ l~l 11 dll jLlxlA {^JS2I.X ij 4_U Ij mi • 11 4_4_ljjJ I 
(jlCtj Cj^>- -1 ^^ JaL>Jl ( _ 7 jLlxj ^ 4jI Vl e ijl^-alL-uVI ^ Jju 4_xjj^ 

4_4_ljjJI Jl 2^ i^J^VI (JT ic. (j^jjl jJjLaXJ jlj,rt“i<nVI ^_XC. (—d-ljJU 

jl ^^^1 ^_d _XrtJ t U£jjl (jl^ Laj l_L>.lj IjLtxi-o 4_uI j_jIujlII 

:dU j ^ya _L*_i I j_A La ^1 ^i^a.11 l nlf Lai jJ d)L j_LuJl diVLaTo-l ^a 
(jlSLal jLtIf.1 ^1 is* \m l J_i ^_lC. jl (—iLujVI ^1 jLlu hVI 


dLj-^HJl ^-lf. I^ya i_oL>Jl I JJt J J_U . J_p>jJl jLuIl 4_UJ A_ 4£_dsaJl 






4-*JLlJI (jl VI (_jSLiIuJ Ijj) iS't'XLA 4l*_SS_J J^„<:.U tal_}^_LdJl 

. 4. L <-■-> 1_3j j-y.M I y>- 1 t ,i. u <' I 

(_^£l_>a S^jjcJLI ^-illaJl ^j - 0 I Ja-L ao -ij-^aJiil La iVjl 

(jy l£. (J^ L. /j j-aVI (jl e ^1 i Ll> J_i_3ju L juumj 4.3 J .r^H 4fsj_>j! <J J-A 

1_3a- LkjL^.1 Jau (_y3.ll _^-A1^. IMI 4- 4 ?L>_Aa-j La 4 »j it-n 4 j_uIL t (jyjkjuas*- 
S4_u JlaII 4JLa-*Jl <_Jl3 4 1 *K ~4-3J i/ill £ja 

I_3^LjJ £-J_l3sjJI £-lL> jjl_La ^a (j.w.LtSl t(jlj mil I j_A 4 _jL>. ^LI 

4- 4Ti-a-->.^j O‘ i <\A^ ^Ix. 4 _lcojjJI 4_jlULi Yakov Sinai ^ in ... 
4-Chaos et determinisme 4_a^L>Jlj u ^aL>JI c_>L£JI 

4_j^^>Jl 4-j j.In t1L) Ltiajl Ll A ^>_aVI .^jvI^JJ yjz <3r> i_iLtSJ I I _LA 4 jL$_i 

Lai Vl^ t 3 ,i2.xa 4_jJLa^. (j-ujjj>» ^1 -da_ u~>\ £)C ( Y J_t^aJl jJajI ) CjI jLill 

1 ^Lj ... i**!< a^2j £_y>- a l aI lA>U 3j_jidI £jLliJl ^j-a JaJmJl ( _ 7 Jx L^_La 
jJjLlLJI CjIj-_£ (jy-dc Cjl_ajjo>Jl ^1^ J_la-uj CjI_a-j jjl ^ 

0j£ VI 4lL) Li Cjlj_£jl (jl ySjZ U3J 4 da_t _ LU-LI 11 ^J_a _U^_aU . 3^_lJt _ l^aJI 

* * e >» * 

£jjJju CjI j 4_ll Lxi^a jL l txI (_yix i_dajl Jj3" <I .^_La_3j a^ 3 a>Jl (jlj 4 3 Ja»I j 

i 4jj liil CjLu^_>JI £._iJa_(Jj t ( aLjuI V ^aIqJL ^..3. i3..>J I jLill 4-) 

J :4 a fci" < a 4 < > mi t3^j j" ... a l^jl ^^JlJl 

j-u5iJI ^jLjaiiJl ^aJL*Jl ^1^ 4-lluj t«jojjjJ jLc.» ( _ y .a.<.n,U ^.oljjJl ^j>j-aJJ' 
^yi. <?j_Axa_j ^yLLU ^ jjl ( ^)jj..«^*.l I ^jj-SJl 4 jI J_i t j. i~uc ^0 LJl ^j^SJl 4 jL^j) 


aJJt ^al Jiitlujjl ^)^-a_j . ( l3.->-V jjl ) 4jljjl s j-x-oLai.' ^JLdl 


4lLu.„.aJI 




-»-~ 4-ut^l 9 CjL& 


i^jjLu_ lxj J^_a 4-31 »-a 1 I t^iiLa-Ul 

t^jVI 3Jl txiil J j 3 »1 ^ya.a.j (j-a ^ j La-cJl La j J 3 j 4 4_jj Jo>Jl 

- i a N ' 1 ^ ^ 1 ^ ^ ' 4* <_iLlxlA. ^ If 4_J_UauJl I ^**1 L*% 1 . ,i' L j l^iii 

Jf W * W 

.CjIjLxJ .1 jl jaLo .1 ^4uC. jlc. (j-olji*. > L> 1 lid (jl^ 

C.t-u>- 1 SJlA-I j dU)ii ^yc, j^rtliia ^_ul ^^jLt.u.a A (jS^tToJI (j^_u 


rt 













^_Jl rt a {j-A ) j-»jjjJ jl£ a i <1 .-* TI iZj IjLuXI j \ jJOujj I —A (J^ <7i TI 

»_fllChaos et determinisme 4_j^L>JIj < jr ^jidl 2_ Sinai <^Lu 
j_uLi . ‘A. Dahan Dalmedico jSLijlAi - jL*b .1 

jjL^_ 4» Seuil ujj^u j~im j jb <K. Chemla .dl J.L. Chabert 

(.Points Sciences 41992 

l_X>. 3j j » < 4jjI j_) ^jdcn.si.\ 1 a^ ' ^ji ts~> a '1 (jL>- £— i.h.-v ^b 

(JjJlJI ,J^ _ALc ^1213 4jjljJl 0J>-& jjla t^JuJl <4- 

I_1^V £Jj_uj jjljLJLl _UiLlLj_uj Q_i3eJ (dj_a Jfi A_ (. 

•jjlaJl CjljLtu-a (jL>- (jjSLu-n cill ji£ 


jLjaa LLqLvIaI da.L .ilJj (^ JSLiluJl) jHijjJ jlc. Jl-LC. (jVI l 3.3.1J 

^ n! .-^s" _Lui ^j_La_} Jjrtl.1 ^j-a 4lj2u*JI £_>LLaJl 4.tiii'iU .JJiie-a 
4_ll < n a i^j L«Tu' 4_i L, 14 ^ £)l ^Jujj La jjbj ^ 1 (_£^-cai (_) ^ ^ 

(_(a :LlA 4j>-jda_i ^jJl jJIJjoJIj .(35^1 1 <i.>.VI 

jL 4 .ua (J^J Soj^ljJl ^j-a joojjVI (. a 4 ^- 1 111 ^*1 ^j-4-jVI c iu^aJJl (JT lc- <-dj-=tltl 
(. a is-\ tU ) ^_) CjLLvVI j_ujjj \-lA, jJJ ^j_aj ‘.CjLjLvVI (j_a 4_Jl3ILa (jil 
AjjSLa 4-JLi!La t _ y lc jL4.u.a cill ju i A<-^. til) *j (j_<jjjVI 

:_j 4_JLh 1 I I j_u 4^ t j5L(."jJl jjLv.^L vIjjIa^dI £jjh 

...0.1.1.0.1.0,0.1.0.1 


L$j ^ ,UUJ 4_u Ij_4lujtj I 4 a i <it L>-jjiaj jitfjl 3jj_4-a b~ , 


ro 











^yjl liatit I jl tut I — \ t7it I 

Chaos et determinisme lj ^ l 'L. Sinai Ll^ JLo* 

^_uLi • <A. DahanDalmedico ^SLj-uI^ - <jL*b .1 j-o.Lj 

jjL^ 4» Seuil hj^uj jJl ti jb tK. Chemla .dJ J.-L. Chabert 

(.Points Sciences. 1992 «j»^ 

jLu-JJ 4-fljllojl 4_JLrJ.' (jib t ^L*-£ 4_t_S_t_i>- 4 g i nil 0J~Jt Cj_)L^ (jL^ t jLt.u.1' 
1 ^ i nrt i 4_ul t kisaT's i j 7 jt-x-u^ l 4_u 1 ^ ‘“■•t' L^jI j Jl>- A_ 

( * ) 4_i Lx^j t 4_u JjJ. I 4 JLjjlI I i < AZi 4_ulL l g Ac isrx >J I 4_jJ Lul, 

LujJ O^" All ^LLllm (jl Jljj 4JUjdl jjr4f?3 ^3-1 L^~ 


ljr j-sui^ i LaLa-i l^*a 1 lo" a jUjjjJ jLiJ jLtu-a t«4JLa_*Jl 1 ^-n.j» A-lILlLo 
Ijl^j t -..luTiSo I J^Laj . _iL>. Ij jLflj-dl £jjQ 4j^£Lt I 4_Jblll ^lo.*-) 4_jl 

.CjLlJoLjjJL) 4_t-oL>Jl 4^jJI 4_u'j.iui.d' ^.Qa.A 
^.llo.<.^o.a 3-^3 ) 4_i£wuaLu jJI 4-g.i^ iVI 4_toljJ C.x£r-Ujj i 4_aLl 4 a <.*rajJ 
lla.itu.i Vila ^Ull Lulj JjL1o3 4^ Viz. Jiloejl (4 _uJoLjj CjLjLj^ ^c. (Jju 
4-t^-uaLujJ' 4-g.lo-iMl 4_u'1 CjIjLhAI (j-\j La 1 1 


n 








(jirclJI (jl jruu Lg5> .diVLo T L v VI 4 jj-L>_) 1 ^ 3 ,^i~) 43otjJl 4 _uIj_iIujlII 
(j 1 V 1 .4_i5L.uaLiu jJI 4 g In iMJ a^_4aJI 4jl 1Li 4_u-taL>- jX 4_uIj i"if diI jL i.u.gj 
dil j 1 3 J->.l J 4_jj_>. 4o»-jJ dll j 4 g In iVI Jn.3.3 j. diljLuJ.1 45 J-A 

dLlAJI I J-A gljU^-V (jLuiSu V ■ L» A* (jjJ-au (jl-3 •■ L» 34 ^jjJuLOJ jjlo g I <-^»4 
A- 3jjOVJ_a j^JZ. 4-ulj Mitfl djIjLuJj (jl Lj£ JuL^J I JuusjlLII I J-Aj 
4 J l .1,11.1,1 ojjt £— : 4_i 0 L^-i-aJ I ISLjISLI I (j-tg.uun-'J I 2J L_—a 

lLUj tdJuljJlj 4 j& 1£L1I dilxlln.3..1l (jx jL Ja4 t 1^.'3 jju (_y3Jl diLar-LlAVI 
.diLar.l il A VI (JlLa LaLg_i 4-g.In.". ta 1^X1 4 4_jL^_i V La (^1 4_u3nLll djLjJut_li,l 
4 Lvv. jLa j>x (j^jJI I J-A 4_u 1 j. iuaJ' diljL.nl 1 u_iLx t _.a.L U tillju dJjjj 
4.3LL) La _L>. ^1 \j.£-LLja (jl£ (JisLlLs :dlLiJlj gLj-LoIlj diLu^aLjJl gLgJLl 
d<-^-u 4 jj 1-g-LuJI ISLulSLiI' dul^j 1 4laLtu ji£VI 4_t5Lyi Lu jJ I 4 g In iVI 
3>Ua-i>U 4_lniLi 4 gtn 'VI aJJb (j_a 3 J^tHa 4diVjLti,l (jx ^ 1 In" 1 L 

. (diLlj-La-tloVI 4_3jj_L ) 

4^j->i_L d)Lt-o->J I 

(Jaib . 4_U II djIjLuiL) 1 (l^^ aljj J^»l Lu-to <_LJLlA (jl VI 
diLl ( n>JI (jI • jLptlu-u-a (j^L (sJ jl 4 1 i*is~> 1^3 1 ZZ &I (j 4 t_.<_u 1 . 11 j->JI 
i^ya JsVI lajav (JiLaa L^uI ^y-Ls-gj 4 4_JljJL>ij diL'^U ,^VI 4JL j. Li.i 

VI .i—31La.1I 4j L$j A_ VI 4jJ Jx 4_g_u3 V u_3jjusu 4_uLj_uaJl jujlaJ.1 

: (J-a l£-"J I 4_iJl) La J ^j-L ^j.1q-u 1 1 L_u_>J I (j_a I I -LA <j I 

.4_glia_4_La j j'-^- 4*i • 1 1 L' jdmi 

diLl_i-uotj aLulII ^_y-Aj ‘•^J->‘l 4_aaj_L> ^_lxj (jl ^jfLu 4 I J_lX 1 d<-p> (j_aj 

J jL>- (j-o ^y-uj-ucJl iJJLjjtlll ^JLl Ll*_ un J_i2 _ uxi I J_J, L 3 .4Hst_) 4 jJ Jx. 

45 J-A j J i /l'°> . j_i_ 4 -aaJl 4-tALLi-a V 3 J_a jJ jL>- jjlnll 4_In all ijJja>u (_3 _jjju 

3j_l* uz> : ^_LLa l I Jj i^na.l I j ) 3^_i_t t-n 4_j_iLa j 3 J-a-i 4_j_La jJ I 3 J 11 
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4fjj_>Jl I^j ^c-luTu (_yjJI 4_t_iLajJl jjJ,L l_ i-u La A_lSJI j-l3JL 

3 jJL I 0-LA (_y-4_i-u-i • 4_Jij_>J I dul£ £)l jLill J_u_ uj ( j y lc. 1 _<fcjjJ (_£l 

4_2taij .(_y-u^ 3~ 11 i_)1 _p2.S 3j L •*- .} J_oo (_y^5 «p» 3j_tit _ uzi]\ 4_i_iLojJl 

Jivl ^j-aj JujVI jjloJl 4_la-flj 3 J J _st_a 4_4-t3 ^ ‘LaLujJl ^1_LJJI 

f. Liu I jjlaJ I 4_L_3 j J LSjj I Lu j-3j I I JlA 4 (J7 -35L Lcj 3j_>-». <-o 3jlo.->. 

4j?eILa 3 Jx.Lxi.4J 3 Ju_L>Jl jjloJl 4 _Lo_3j (j-a JjlL < > .p Sj-iiu-^Jl 4_u-ajJl 3 jJ.1 

4 1 j£Laj 4p L^j J-a 3 -L_j-L>. 4_t_iLaj 3 jij 4 4.Ia.3..U' 0J _(_ 7 £La Liu jJ I ^*1_laJJl 

3jlo >Jl 4duL I jlj ‘.jj—LaJl jL_4-4i>3 (Jit-a Jo.. >■ JitJj . Lu_La LLj_do 

.3 4_ijL3-a (_yLc. (Ji-a.cg -1 Lula 4(j,Xj Loj 3j-J>., 4^> 
(_yjl ajjsJJl (jjJ 4 «LjJj» 4—jL-4ij>J' I-LA JLa aljj»»l ^j£La-i LuJu-a 

-Luu-^J I (_ t 1a i_jL_ o_>J I Jjlo I Laj I -la (jI VI . I <_ j l 

4jI I j .I J}L>- j-3lau 4tiJJj (_yil s 4aLuoVL .(_yl.a.*Jl 

(j^J ^aJj i_ill44->JL jj 1*iI' dlljLi.u-a £__La^. (_ylA. Jj <^~>~>J' LaJ 

Jj->.jj juju ^jJojJI .<Qstj 4 jJJa. CjLL g~v A_ i-ill a ^ 'VI jj_u La (j li I 
4_a J_o-"i i ii a .4-lj^ i n ju^l 4 jJJul1I CjLIio.->JI LLoc_luoI Cop. 44 _<_u_o lj_>Jl 


. 1 ,^At l 3 3^1Ut l j_u Lull j 4 -ul l ii i^>.J I jLaiaVI 4£>js>- 4_iL-4ij>J (j-^Li. J^Liiu 

4—.i-t.i.i.i Ij^J I LU 4 r <~v LI La£ . J Li I J-t-u-u If (_£juJui I j I I 4 _ioj Ij jJ 

£-jI l-j ■ - ' Luoj-LlA ^Lu-a_i J£\ 4uj.ia_i I j^-al JjLuj (_^3Jl CjLojIjjJI 

.4-ulj.Mj.t.ll dljLuiilj ^-a-ia-l-itiI diljLjJi.1 


4_LjI ^.LujtJ I LjljUdl $ 4 tV~» *411 uj Ij L_ui I 


(j^j (_y£i_uiLiuJ 1 _ laJJ JJ _LaJl 4dil jl ma ^_jjjj jl_^lil^ _L_jj_i I_aJ-itA. 

4(jlSLaVI j J_3j 4UjiHi ^LLu (jA. 4±.i^e_u - d ^ tL" 't 11 dlJjj 4-ulj.io.all 4~<ljl ...t l 
4j V-ill 5Jl m a°l .4 jj_>JI CjLvjJ (j-° -i JA. JiaL) ^..ouTu ^Lla-i 4 -i-qL auj 

4^11311 ^cJa ^j-a (_^j3-l 4Jl ma 3 jLa. jLlieu I jJj 4 -LjJLuJI 3 Jj-LiI f "1 






4-£.^-tIba Cj LLa_J_l-U-UJ . Ojyz-A ^J >0 e\£js*. 4 J 1_ u±A ^Aj t Liu jJ I 

Michel H - J jinj a Cr I[ Jj—£>£> 

V 4 jV i ^ ai J< ,\) 4 -a ^jJ . Carl Heiles jJbjfc Jjl£j non 

4Ha_til ( _ 7 JlJ Lc~l 3J i 4 j^->. Lo.jJ ^Jl_|_A — ( j^_ul ^j^a-ti .(jL-iLaf* VI LlA l_< a^J 

A_ La _L>»j La lj_ji£ 4,a 111 <_ 7 -Aj ) LuJ I 4_i_toLU Li (_^o L>- _du ^Ja_xll V-J I 

4.a.lft.1ta 4^j_>Jl q$£!j 4 4nj»_4^llaJl Lr'->- : ( 4-t^-i.a l_u jJ I 4_a-Ls-iVI 

^it^l 4-ul^.ifli.*.ll CjI£j_>JI ciol jjl 4^1_kJI ciol J jl La-l^J t La Js>- 

* * 

La jJ_c ^JuJl 4 _*JLi 4_uIj _iluJtJl diljLuIl 4_j_taj (jl Jj.il 4_<a_naj ( _ T i*j I J_Aj 

♦ 4^lIaJl JljI ^ * ^1 J 1 r-t~j Jjl jUjj 4 4_u_CLa 4^LLJI J 

4 t _ 7 _u^a 3 JI 1 I 0 4^j^>Jl CjV jl_*_a (_L?e_) jjLa^flj jJLufcj J_)^_)l J)lf> 

Ll£ ^jLlUI jL^lal ( 3 >-l t<—j^j_oL>Jl ^^JLa. i^jju*JI <—i\ i.oj»J' Jjjjlo 

' jl^ :^>V-C.I U^[ Ljj-Cil ^1 4 jjI£LI^ jfi.t.ii.a 4_2 j^L> <jL*L 
Ijjt 3 e_a L 5 J 111 a jjiaJl CjI jL_ti_a ^j_a jLuta (J5> 1 ^j4 £_Ll<L ( _ 7 HJ 1 . U1 ^ / 1 1 < 
^Hil 47i.u.iLtiu 1 c t , 1 .1 n L>JI l^ 1"(a' tlal 3 < 11 ^.A oJlAj i^a-iV - 43 

. 4_jJLlII JK.S.V1 LA^-^.la.t<.ti 

.4jjjJ 4_uii 4f*jj>. £_a jLuJ,l JjjLLalb . JjLllLv LlaLal 

i J<:.,.-JI 4^_ 4 _LulLI iilL£ £y>Jju CjI j SjjLiHa V 3 jLL> 4- l>^^L« c^4y 
(jli_a ( _ 7 _I^t_La t ^ 1 ui’v SjLLaJl 4? J-A 4jjISLjI^j ^?i,i,na .(.^ (J i^.al I ) 

a.a ' ^Io"i < 11 j 1 1 nl. I Laj tlaLaj ^u.ujZj?> 4 ( 4jI 1 j..l.AI 4 3^jI ^ ) 

^5“^^ Lh 0 Lj3^Lt3 4 t _ y jl^.ifli.*Jl jLioiXl Lai .^Ul I JuA i^ya ( _ 7 _L^e_Ia 4 jjISLjI^j 
l-£jju jL*_)l 4 jV-J t^y* 4^.j-LLa CjljLtxta A_ CJj^tlu :« ( _ 7 ^LjJ^CjVI 
4jjI£_)Ij_i ^Itita (jy lc 4^lIoJl ^la_tii jjl ^jl j£ jJL jJ Ju>Jl .4jalIaJl ,.. < 
tjy • ((Jht-* (_3-L^La <_yl>-l jJl a jj>«-ll ) Ujj>- jJj 4 (jr LaJ_a (JjiJ 

C4.1.1 lxI 4jjISLjI^j <J^±a Ji IA*JI jLijjJ,! 1 gy ^-Laaj i _ 7 HJI JoLalil LlA 

.I I _LA t^yz 3tP" Lajl 4 { _ y l5tJ_a O j. 1 ^ 1 .•> <a 







jLoiXl I Jlj* (jl oj[A[ i _- r ^ t La 4-Jbill 4 jjHjI^j {£epLuiA £-a 

3jLiutjiuna A_ i^juc, j_p» a<J-a <_j-I 1^ JoLSJJI 0 Ju& dJLa I Lai t^JalLLa 

jLjj .1 (jl 

4 _<^aL>Jl j^laJl CjIjL-u.4 jIjT (^) j (<_j) (I) ^ * Js:.,.-J I ^j-a (_J£ (j-UJ 

Cj M3 (Jp.1 k _ j^jjj 1 _>J I 4-ta.i-n I^j L^_iL_aa. (_pJl ^JLufc - £)^1 jI ^ ji^a-u 

: J_jl jUl I c_t-ujIiJl I JlA t * > im-*. fallal! ^q_l9 

V 4^llaJl t Lv LLa (JjLuj Lul Laa) ♦ ^ /*! j ^ /A * ) /) Y 

diVUJ 1 £)VI jjjjJ jJJ .(<Qse_i jIjl£.L) (Jj 4_jjL Cjljia-^J (JjjLsj 

.^I^I^O^I 

La I tCjl_LLt-La ^c-ujjJ ilalS-Lll (J£ . ) / ) X 4j9llaJl (_£jLjiJ 1 ( I ) <^_ 

.4.al alLta 1^.15) l2j!jL_JJ £)l ^LLllujI (J_uu LlLlscj 
1 ^ ^ Q * V * ** / 1 \ 3j.iL L 4 - 1 ! VI £_9ljJI 4-ulj hi c diljl_ L^_a 4_aJ ) 



4-uaL>J I jjlaJI ljIjL-u- 3 jlal 4 jjISLjI^j ^^ILm-a iL. -(t) - \ » J*sj <»T I 
. t_211 J ,jLiLa ^jjo ) ^ / \ Y 4i3 Hal I ilLp t jl_i I 

(. *(_pj^av JS-uaI (n^lILfcu.4 _ljv 






:LxJL lTlujI J J_U d)ljl_eall Je>-I (jl LLi jLlJ . ( LlA _eoil ^ j^_a-(Jl 

LfljLeu <LlLjlXI 3JlC.LlU a Lllllu 1 I Jl A> JLoLoj di jlli (J-a^t-i 4 jI j J_u j^ 

J J-<5> . eiJ_ I j£ j_aVI S^yglu Vj 4 _ ma') £_LaJjj V jl_eall (jlj 

i4.<.<n3.'i £_a ^-laLfllb 4 jL£j (^Llu _euVI J> <-U 1 jJoj (_^jJl dl jLilll ^aLtliJl 

A_ fUJ 4-jl^ t4_J Ju>- JaLnj j[ 4 jl _eoil ^ ^JjljJl _aa-u V 

dil^l i ii a '.iJal a <Jl 4?_LA (j_a t _ i^_aJL) ^J5 Li-uJ 1 jl^_eu _Lt_uu_] ciJJ jj ^ . 4 ?l_LlaV /^_a j 

jLu^La I jLeu-a jl ««t,l I _l<5j jJlLa ^.a—<.aj . (3 JlJ JjC dll j_a Lkjl^stJ j_a-i jjla-Jl 

^Ic. tjL^Ia.u ^ 3 -u.ua ^yidL-La J 4 jV trajectoire separatrice 

^ JjC. ^c. ^_<_i 4i.ia') (JxjoLaJl jL.ul 1 i—iu^ju (jl . (j-\ rt I" a (j-Ui^j (j-a diljLeuea 
<jl£La jji 4_uljIL)VI i_jjj_IaJl (Jiia-i (_^I«J I 4la. a.'tJl 4a-ljl <jV jIj-oLujVI 
(JJLu 4a»-l jVI <?j_ Jt> deal J La 4jjiaJl jl ma A_ l^_j_i£ lj_ejju diJirta jL-u _ 

•j-a-VI ^1 jJj^LaJl jLuIl (j_a i_3jla (j^a oJJt> jj-laJl 42aaJ 

VI tdlj-L^-La 4_a3 ^ a mj t \ /A 4 aj <i i 4^LLaJl (j^j 4 (>_i) t JSLeuJ I A_ 

.4ajj<^a.H ^^r-ace-a-j j J_u La ^c. 4c.j^a 5^_j!£ LLsLaj Liiajl dlLuk (jl 
-4 ^t-' /I I ^j_a ^lac VI ■ U».,.^tl V-a-i 4j 'lj .",<r 4 U> i a A_ daLaJJl aJJt 
4.3.1aUI (jlj ijJjj^LaJl jLjjXI aLaoiwI t Io-vjlj (I) (J^LeuJl ^-a 4 jjL aiLij 
^ i n^-i La^ 4 j t/'' LaJ I _j Leu.11 ^ a »" I (_)^ <*ii' ) j 1 1 nl, I ^-<-u j~i 4_u 1^ i~ii 1 1 1 
( _ y ic 4 U. 1 11 ( jla UI (_y a i.aJJ .4_L>.I jJLa dLtlge-La 4 ^ Us~i < 11 dll j Leal I jLjl 
4? JjA (J-iitTu (jl V-jl 3 . ■■' jl ‘ jl^ i ii VI jj^5e_i 4l~>-l jILa diLj_L5e_Ia 
4jjLj 4_lLl>. Jjsk -i 4_aal_>Jl <— jLaSLlI diLuje-La L^jl£j 42iill diLuje_Lll 
.^1^-aVI 4_i ^ (_^jJl j-st-JLi l ^ I j"< a i (j^- 4 J (jyllil 4_u I1 4 >t I ^yz 
4 (_ r a^VI j^elLi LeuLd (jujIaLuXI (ju^-t-^LII (j\3^_ij_>JI (jd jLeia^j 
. La^>- I J j->- Ja>. jA_l 4 (jujia Lui.I (ju^J je>J I (^Luj 

deLst-a-eial jl^ rt" IIIVI jj->- . )/*\ 4^LkJl (^jLtaJ ‘ (^) (J^LluJl A_ 

jjjv j^^_a La^aC. (JlL>ej j.». 11 4 jlI Li j je>- (_^^eu L^ia (3-^ ‘ Lu^-Sj 

^a ^Lajjl jjae-Jl (J^ji .ia (j^J • (s- 5 ) 








d-t«oL>Jt iIjIjLuj-4 jLj I 4-jjISLjI^j ' 2 — -(i-i) ^ * (JSLuJI 

. .i_fllI (JLL<j ^ j -4 ) \ / A jLuJ djaliaJ I C*_jj>. ‘. jJ«_j I 

(. jj^JV ^J^Lod^jjj juujj I L £ tii^ULu) 


. LlJjJsJ d-LjlJ AiC CjI jLoj-L I <jl (_^l i J-4-iu jj_>jl jl£j Lufc . djsLLaJ I ^aLu 

d.u.,»j (j-uu M tdJLiLaJl 4 jI \ * jjlSLiVI ^jLij ^ ^ I 

d ^ L»"< /1,1 oIjLlu^U dJi^l^Jj djjlSLjl^j (J^"und ^_a Ju.dJ.1 <»tl 
4 _ujj_li ^t-%, ,.tl d ^ L»~ 1 11 CjI j 1 mi jI }Uj t \ / \ * ^j_a (Jjsl d^UoJl d-a-J-3 
t ^ /*\ 4-c-ta (jy lc- -^3^ Lai i (I) ^ * jSL«rJI (JL*. j-A La£) /O * * 
dd.la. < a 4-L.rO Li! I d-dio-111 Il^j_j ‘ ( ( ^ ) ^ * (JSv-ujJ I jJ L»- ) La l_a_i ^j-a-. 

.((<_>) )' (JSLcJl <JU.) dJlZbl 


tdjjjJ d_i_ill CjI£jj>. CjI j (J-alSLiU dJL LdJI d_a-Io-iVI (jl Liloo-V J_dJ 

j-jlC- jljdI CjI j d__jjj J CjL£j _o. (j_a cJj_ ILj £j...c. d_aJ>>Lj CjI£j _o- CjI j 

£Y 










\/\=Al ilLlt 



4-t^L>JI CjIjLuj- 4 jljt 4jjlSLjI jj {gjPL.ujj* '£— ~(^) ^ * (JSLuJi 

. I jJ ^jULa ^ja ) ^ / *\ i^jLlu3 A^Uail ‘. jJLtA—L)^u I ^3 jujJlj 

^ ^3Jj-4-ta I ‘0^ ui^Ulu)J d 

J-LiL1 (_yic.j . ~4lal_ lm j i _JSL»— 4JU>V! 4^j_>Jl (jl ^1 ) 3 jjLaHa 

d)L».jJ J Jx. 4 J_*J N dll 3 3jLL> » IjTl>-L) 4fij_>J I OJJt 3-L4.U 

La 4 li 3 1 £_f)j_a J__j_L>o .jSLa-i 4 Jju N dll 3 3jl_La . aI _La_Lll I _L4i 4_jjjv 

LljjJl 4 ?JlA _a (jljjJ (jt^- ^J-^-ll lQ '"' Id^jj N _ ujIjj 

. 4 a La" ‘ 43 4f>j_stj N 1 _AJJlC. ^Ull 

(_^£>lji»- 4_t5 <J1>. VliLa \ ^0 £ 4-L..4I JL- t—S jjjjC. diLu^sljjJl ^aJLc. j_dj 
^j_a (J£ aLs 4 (J^alSTti! 4JLL3JI 4_a-la iVI ^j-a 4_ujJsJl 4-u^TcLi-a L^J I 4_a-LaiV' 

4 l^jLa£lj 4 >jL ^1 djLiiL) (Moser 1962) (Arnold 1963) J_ljjj1 

. j j^_a — jJ jjj I — (__Sjj^c4_Lij_La jl 4jj.lfa.li ^j_iJl i__3jju La Vj i^aj 

.iUj... r.tl ^JLi (J^Ld-i 4jj_LaJJl 4 >Jl^J 4 m-UjJl 3 j£LaJI ^_ t 1j La-i^j 

4 4jj->» 4j*.jJ N A I dul£ I : J alSLill pallia i a 4jl JoJl jj) 

aJjli 4_> j_oLkJl jjJsaJl jL_ioj-a J jj 3" i _ ? -l*J I J-4>J 4 4_ ^j->~ d<__) Li N 4_I 

tr 
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1) 4 *>t. I tut. I 1^ ti> <ti1 ' 4_>-1 nit I 4 > ui*1 — ^ <7i TI 

^j_«) ‘. jJLuk-^ jJLj I £4j^>d!) 4iaLIaJII 2d ^fjj (^ 4 ^jlII 
^ j^_>- JiLysI ^<h^ULu). 4_uv .<_si <?4 


Lu.iuJ 4L-< j ...it I 4 J 1_>J | A_ . _l*j N dil 4 3 Jj litlLa V o j Ha l~i i_u I 


t __ r iLilis ^Ui_LII idlTuu t (N=2) 4 j^>- ( j y lc ^LIa.U' L^-l 4 J^n_iiuj i _ 7 nJI 

.(jLuI Jlaj Bj-jUlLII CjljUa.U LbLij 4^llaJl CxjIj <4f^>. 


Li < 11 (j^lSLiiS t^l Li (H A_ Li'^Ia.i^al ( 1 _*_lL> ^SLaJLl) cilJb Jju (Ji-jj 

i—al t,Ci<;\ - 4.bi-t.3.->J' 4 j41_U CjLLSJI dll JlJ <-_jj.la.,JaJU 

jJujJL) I jx't i<~> <__il jia-baVI Ibl 4_j! A- JljJlIc. 

(jLb Cj ja 3 t3jjLiHl.l J-££- Cj! jLLnJI ^.Lia.-a fj 3 y I n4 Ktl 

J_u .cill ^(jfi 1 1. CjljLLaJl &JJb 4 l-i n^J. 1 4Lij m ill 4fs^_>Jl 


it 










(Jse-a-tiaj Cy*_9 1 3fi j->JI duljj «j_aJj» t i_jl j-LadaVI 3 jJh jbjjl £_a 4 jI 

“ Jl * 

4_jjl jlbVI i_jjjiaJl C-JlLq I 3L .^jiwVI jjj 3 Jl>.IjJI 3jjl_iHll j_tjC dlljLla.il 
jjlaJl jLa^ (jjCti.u^ t3j-iLill' j-iC. diljLlaJl (_£d>-l ( j y lc 4 _il9Ij 3 U. 3 j 
(jdj ^ k»~< / a 4£>jj>JI (jj.Cu.uj t3jLIa.ll t?_Lti> Ljlj 4j»uuL> 

jLi.ua (jjCu.u^ t SjjLiHa J-±£- 3jLia jLuil JaLaj (_£ I t ^ - mu.Ij ^aJ I 31 
SjuIuJ ^Ja3_La jLui.1 IjlA (JlLa (jjdj tdiljLla.il r“jL». 4JLa^L) jjlall 
.(_^jlj mi c j-Aj 4_ul JlIjVI t—QjjlalLi j) j[ jaLa jLull I JJt .(JSLuJl ^ g j a j 
Ltl>«J Jj£l (JSLuJ jjj_a - jJj-ljl - (_3jJjCjlj£ 4-lj-la.l (jdjj 

t3jjLltl diljLLll (_yjtjjJuJl t—j jLVI (_gjla n (4 _l!L p- ) 4 jl ae c 3-,.iaj5) 

CllljLu.ll (jl ^JLl t JalCll (JjL ^Lla. I .^^ojall JJtJ ^jJullj 

<—jljta i^il diljo-ta (jVI ^ 3 <t .(juJojaII jjl Vj t4jjjJ 4_uluj 4_ala3-La 
Lid .3JjLsuI' jj-C dlljlla.il jLi-p. (_y3"-rr" . „ tjdaJl i__)Li (j_a t 


(jjd (jI (JLla- I (_y 3 jj»<i4 t jjtalI fi. La3 4_lalL) (_yls Lie. I ( _j5v..i"jj LijUa-1 (jI 
3 Juio jj j-*3j (jVI p 3 /1 . Luj_3j '/. \ * * 4_lLu L 3jLla (_yle. 3 L 3 Hi 

3 Jo-ljJl dll jLLaJl ^ 3~ tcjj (jLla-VI I JJt 4-u-gj j^.Luj .11 :i_ 1 1jla^VI I _L4i 

4_la_>J (^Lj .4_u IjAtlI diljLull (j_a 4 _j^LlLo 4_lLi j-^lajj t(_£jl»»VI jJlj 
L)J_L ( _ r 3_u (jj .(jlCa aL. (J7 -.3aj-3Jl ^jljj tdiljLIa.ll jS-l L^_tj (Jja- ta.iiaj 

c t Jl 

. 4-d^je.jl 4fij_>Jl (jl jjJ_le. (JLj :4.3Hall i_$jj-o 4^j_>Jl duljj (j-o 
^.luJ (^Ci.«.«jLd I jj^slll 4_u3al_i^Jl ^jLUI j-^laj 

tt_uj_3lll (j-a L 4^-jJ ( JT I1>. (J^VI (_yle. LuL jj -^»"<tl | jjt Cr 3_u . dLj^tjJI 
tc_ll j.la.<3aVI jljLul 4.1a..>J 4 jI VI . I Jcv (. 3j.». t>» t_ll j.la..<3al (_L>»I (j-a 
illj 1 ^ b>~. / a (jjd dll j Li 11' ^JajL.L'S : I _LuL*j jil^l ^J^ajjl ^c_u^aj 

3JL (jjd V LuV Vjl t^duuMdl jj i^->"ll ( _paa-_u .Lulj-tiuc. ji»>VI 

jj^la til I II ..1 tLuliij t(_ 7 dj>je.jVI ^LlaJJl 3JL. Vj t ( J-aldl (JjL3JI ^ 1 la < 11 

(jL (jia- t 1 (_yL 4_ij_>Jl diLjJ JJlC 3jLij JlIc 4_uIj_L*JI diljLtll 

diVLJl <L VI (JiwjIB (jl diVLla. jU V 4_j^ (jjJ 3" • j (jj-d.il, Vdl 











. Lg-3r-Jo 4jj_>Jl J J JX. L$_l3 

Oj^-u ^j 4.t 4 j jl^_> cLa.i.iX La jLqSlj jj j_u ^_i 4ll Joj 

J 

£— 4-3jl i^-> a jLjl (jl C.<-Cv t 4 j^S «L<L^aj j£l (_£ jJl i__3 JL^aHlI 

. ,_^u_J j_o£J I J JjlI I j t ( _^1^ lijj (JjC. LflJ ^ Li .«,>. I 4 j Mj (_£ j ^ LLu 


3^_ u -fl {_y^ Ijjv i_aI. luTi^I ^Jl 3^_p-VI j^ojlJI J>U cjLtxoLi^JI LlSjLs I jSLa 

^jjl LllII (j! J_u t4 _j£Lu5 Lu jJI 4 gfcuVI L^J ^ i.oTu 4ju3jILq ^_tCj 


^L.u 3.V1 ijLjJiJ 4 -uLsej^ CjIj^ILj^s aLLa^J J^.iTuj 4 _u^>- Jl jj V L$jJ[ 

—jJjjjI— 1_3^jjjL jl 4-LAj_j_q£ .4 jj Iiq.ixi.]' <ic.j-qj?ej, I JlLa 3juflA.il 4 j jU.1 


£jjQ L-Lt-LflJ V I JuA (jl VI .4 li.ii.q.i?iil' 4£.J_qj?eJ, I (_ylc. I la n V jlii I J-LLlij (_ 7 1c 
— jJjjjI - 4_lA j_Lfl 4x.J-caeJ,l 2UU 

. j* Ju3j lj->-3^ 4-iSLi-ql-U jJl 4 qla 'VL) 4_^L>JI 4 j jla, 111 4." 3.3-v Laj jjjuO 




a,]\ 

a i in Q in II a r g o I I ^jadqAJI 

4j2.^_q^cJ, I UI (_^aj ‘-^ 4 l!u.u I jy£. 4_i L>» VI j>£LoJ c 3..tS^ 

^jl VI ‘.j^iLdl jbj-a^JLi 4 jUVI ^3Ij < III j-a ii U£ iLjLo-l S4_uuj_4_iiJI 
V 4 & I3 \ I CjI Jl^-VI (j-o 4 jj..i."u-J I 3j^l jJl Oj-y>- j> <jV 1 1 _Aj>- j.iL> j_ol I JlA 

jj .^**<tl (jl j-^C. .CjVLkJI 1 £— 4-L.ii t_sVI 4.5>.i^a.< JlajI (_y.il Jjju 

Lo IjjLjj 1 4_ujJl aJJt> (j_o 4_LLoj JJuO L>JL,o (Jljj V (_ySLu.uI 

(_ylljl ^LqTu* jU 3^_uJ,I 4-uLo jJl jL*jVI ^jI^Jj .(^yjJa^iaJl 4 t mm Lo I^Ioj 

t Laj'^. 3" ml ^ JuC. jl 4 j i n o nil I 4^.^_o^eJs I j lj-3lu. t i I jLtuJ 4lLi.ii I Li _LlC 
(_yjl e ojj?tUI (j_o Ju V .^*Ll 0>jLo 4xoj (jj-iLo (j-u t 4j(_y(-o^£ (jLiuJj 

l < I (_yjJl CjLiL ,u.>Jl 'j->J I ^IjlScILujL) 4_u^Ijj CjLjL.u.>- 

• OVI 4JjLlLli (i (_£ jJl CLtse-iil £jj I JlA . ( V (Ji^a.aJl LaI Jj-o 


? 4-j.lu-3.luJ I 4C 

i £j\ 1311 jLuil (_ T ic j_ul3 (jjj j-a j i^iLjjJI diLaLi^l Jjjj 

i_yz>^£ _Ln£ .4_u^L^uiiI 4^.^-o-^eJ,I 4 jjjIjJ ct^ 1 Lj»-II Lillljl 4j^alJiJj 

(jjJjJlj Jj^-ujl j. isTt.C (_£jJclLo ^jJ ^jLluJI (JjLfljJl (JjlluI 4jjL£LsIjj 
djjl ^ . ,.tl ^.1^-wVI ' A1 c V1 4 Ij-uxC. ^xjjLlII 

(jl ) . I Jl>- Lrtjvj-o CjL) ^^jn'tll (jl^ (Jj i I j£|*c Juu LoLu 4_jjjJ 4_uIi 
L^UjjLLo .j5Lo-s 4_LLoj 3 j_o i_^Juo (^ylc Luj_3j tiUji£ dil£j_>Jl <?JlA (j^£L 
(_yjI j LlA i l ^jlr Jilo 3JL.i.u-o 4_tisjjLiJl JJ ■--»• tl j| 4jj_iiijJI 3 Ll5cj 

a! La (jl_^ 4_ojlj jJ i_kl£ ^_lC. (((^j^JIfJI ^j-ojjl (jail j3 O (jl VI (dj Luj) 3" 11 


tv 






. (£)VI 4Bj_*j La J^Bj U-LuUl CjljLiLa ^ jJill yA ^JLlII 1 4.j (.1 a < U' 4jCj-a^eJJ 
yA l y^ayal\j 4-^L>J ' CjLbLouKV' CjLlLlu-u1I 4_lS_>. _LLa C-JLa^- J-aB 
ISLuliLJ.' ^j-c jjj_a—jJjjjl — <UiSjjjAj-lj^ AjyJajj 

jjjtUI a IxiaB A_ y I La-i • I JjJj>j I 4 i ^»iiI L^ j^im 3 4jj l a > ntI 

JSL"±j 4_uljjiu£. |_£jj>.Ij 4_^aIL>Jl 1 ^j4 Jj m~ LLa 4_ujjl_|_a L^J I 4_a-LajVI A_ 

4~ a i^-~i. ' i 4 j i ii a i^i 11 4^.j_a-3e-I. I ^ LLaj l^ I 31 La^. (J^^ 1 ll ~ II Jj ^-B < ^ Lc. 

t ^jliJ-ia Li <_ y £-»-a Lu J ^ Ua_iu — I Jj». J_t>. c-ujJsIu (JSUuJ — ^Lla-^ Lj J La Lu l£ 
y^ ' 4^>-jia j Juxu t I Juv ^Lc. I _LAj .dJJj jl g> it 1 £ j_A A_ £_oj 

<_<£lj£JI i_3l \u~>\ (—aiHie-a :4 j i n a mi!I 4^.j_a-2t-l I CjLjLjS ^JjjI yA £jj (J£ 

.4JlLaVI yj ju L$_La JjLllIi.uJ .. .CjLu jJjj CjLiSjjSJIj jLaBiVlj 


CjLaSLj^SLI I 

CjLjLj^JI yA }Lal£ Lai jjv 4_aJ (jl j, niC £_ojL 1]I (jjJLlI 4 jI Jj j-La ^l*j 
^1-v ll.aB JBj . Ij ^cj^J,I (j\j £_3 j Cj Li^j^JI l a i n ' ( _ 7 HlI Q j j » is~i \1 

yj\y>~ Li J Jjvj iCjLiLj£JI OJCb yA 0 * * * yA ^l£l 4j.ai.ioj u-SLiu^L) ^j_jJl 
i (jj_tLa Lcjj :<-iLli jh L^-La jjjJU 4_a3 y\ VI .^.u.a.i^J I (Jjjv L^jIjI J-a 
yZ .Jj . Ju>-lj jJLajJo^ 1 _Aj_LiB (Jjia (JaJ (_yjJl ti-Uj yC. LLuJolju I jl I _LA 

. LlA l \ a^l t _ jy ILlI LaJo-j yJt CjIjI JlXI 4Bjjji1I l!jLi£Lj£J' 
yJt ytot. 0 ) LU I I j_j_a_) ( _ 7 jJ I 4-t.u-UjJ I 4_t,i.u J_x^J I 4_u^> Lkl I JU 

I _LA y£. 4_jB d U ^ < Jju I j 0 j£ya y\j La 4 bL.U. ' ^1 I <5jj^c_a c a i.-^i i 

3j-uSJI jjLstll i_j 1 i^-» 'V (^Lu ula.>- jl ) bIjlC. 1 t^jjj .j_o»VI 

4^. jj_a C>..(.ij-lI 1 ^ aj^ U i Io~>- V_) t Cj LiSLj^J Li 4_t^L>JI 4 LI aVI CjIjI J_ail 

jj^e_a (. j jj 4_i^l_>Jl ^ j3tl yo-xj (j[ L^l o-^jl j-U (ULl^B :^iaILLa (J^UuJ 

yyu 4a-jj-y i?_LA .t_iSLj^ ^V ^ajju jISj V jl 11 —<SLj^ (_^V ^aTt-u V La 
(J^Luuj jLa-J :aLtiaUl A. lUjLi^-jj^JI L^HjjLaa i_^jJ c_jlj..*.li.nVI 


t A 






. L3 j+ca La£ lj I I ^ ^ '-v- I j_o* Luj_3j ^ L. 

jljjl L^\. c '-^ 5- >0 Le-jOsj 3j-uSJl jjLseJj i_3L^ajl £_j jjj JIJjj 
-* __ 

jJuf> (jjjl^» _) i_3jju 4j3^Lc (JjlAJLj 4_a3 J ^j.ua duJl (Jjjv djLSLjfiJI (jljjJ 
• ((j.‘i<a uJI jj-Jj La jjLU j.uS3I j^5eJ.I <■ ais~t ij jjjJI Ov 4«dJljJl 
3 ,,, ' cLS ^Lc. jlj-i >U 1_4_l£ J^Ijj CjIjJuJI <jl dJ die. Ill ^ ■ >»"<_' 

tjlill Jjj in Cr L*5 . (^Jjl rt ' 4-1,1 ii ^ T ^j_a Jjsl (_£dll ) igj. l io l ' 

lLILlA .^jlAtl JjJ oJj (J-iLiU Ijj-S 3 j_u£JI CjIjJuJI t_£d>-l 

^j_a La 4_li_>J A_ lj_d£ i-JjILsV 4 jjdll 4 ?Jl^j jJdJ 

t_jjjjJ 1 £-0 ^ IjjI I jjjl 1 1 d4i .. • ^-3 t *\-3 4 CjIjj J V Jju IJ dse_a fu 4 ^.IlAI. I 

(j Li (j- 1 ® * L.a.4 d^_a 4 ClVy 1 1.1 dj I 3 cL— U-JI J (j 3 I dl _dt_' ^_lA 1 I ^j_a dJ dial I 

^Jt-Oall ^^3-4111 (JjlS Lui^IjJ Ijjl (j jl o' O -0 ^' ' 

JjIslLo Lufc j_aVI) SjjfcLLu I—3JJU La jjfcj ’. Jj c_<£-jj£J' till j 

V * * * (_^j 1 4~i 11 ^j-a l a.'>■'>- jjlxjs I j_i.^-V I I dd ^Ujl I (jajJj (^j t <*<i 1L 

t-u^jSJl (-ill 3 jjl (j-a j_uSu (- a» 4 >>' ^^laliuJl 4lst3 jjl ^CJ Lh°J ‘ 3 j_a 

jljjl 4 j>L (jV 4 V/ ) OH>J ^L-a 4?Ldiejl ^dll O^J-" * (o^LaJtJl 

Liajl CjIjJu 4 _4JJ .^Jj_all I Jl>-Ij IjjJ ^jLojj jlsVI t—tSL^JLI 

...x/\ t r/v 4 T /0 j^jji 

^jli_dull (J-a-C. tl)L 1 ale 4pujJl j _a'jLii djl j _suJI j-j _ 1 u3~i ^j^LaJ (J _A 

O_ 4 jj_jJ jj_aVI Scd^LUVI L^jljl J_a £jU- diLiSLjjSJ' i_3 Jl3j 4 - n jj^Till 

0^-)jl5 i_^jj>-I La-tS 4_a3 (jV JsVI <_ r lc. 4 4_LiL_u_l]I ^a j-LaJl I J-$j 3jjj_.3aJ Li 

jLill Jjj-uj JL>JI jj* La^ 4jl jjVI jjj dL- (jdaji jJj djljJu jj V 

^AT ^Li J J-uj 4JLu1I 4 ? JjIi I Jj .V/T J \ ^ OLLujJl ^-a 

*v> 0 ^-jj ,^,'r t-\ Wisdom tiJL>. ,Jla^1 1 _L^.aj 




I I jJ^tX I . S /T ct “ !$■“ J^ UI ^ ' *-^LlH1 - ^ (JSLuJ 1 

(j»JLUuJ .(^Lv U~° ^t-u-u-ui-a ) . AjjZjjQ 1 j^>dl .££JluJI {j\-l ^4-1 

i4-LLu.«-uJl 4£j^>d! fllaj 4 . { J cr us^i2\ cjjlujl 

<(Chaotic behaviour in in the Solar System. Proc. Roy. Soc. A413 (1987 ) 

(.4-iSL U ,I I i \\A -0 ,«7t11 


^Lki! I _U5 j tjj-LaJl f. A- 4_ul j lihc. 4 nln Ia I _U5i l-£jju 

MJiiaJJj A- .(Jj^-Ls Ca£lJ Jju 

c J> f f ** 

(...(..luj (jj-ij iSLstB fu 4_i_<i jl Jua t _ 7 ic. ^Lc. (j^tho jl i—3Jl 4_La s.I_2jJI 

O j-t& LlaJ I 4? JlA ^-Ct-uu-S 0 4 L) JSLuJ _i_u_43 J1 JuO I ( 1! \ n .t \ i LI'S 

j^LpJI ^1*JI £_* tbouffee d’excentricitejJJ j^LaJI 3 

L^H 5 £J 

. j ju^rJl ^JLi 31 \ BjjIjJU 


• a ->■ ! t*< <_Jj ^Jua ^ J * _J J J C. t^yZl £Lj £_Lx3J 
















































































Cjl^-oLaJl j_4oojj 3J Lil Ij-aJuL alj_(J>Jl L. 3.4 a Li 

4 i.a.flj CjLL.xi'v ^jjC ^jL ^jl jl 11 Jl>. 4x>>mi 

(jl Jjum Ju9j) .4_a£. LlLq ^ljLu ^\ 4.a.l!L?c-a <_ ujJL_oLj i_ i 3~ UJ UJI 

^.jLi^aJl 4-ukLuJj j-^£- 3jJ,I j_JJ_ lL-uJ 4 t—iLLi. 4 i-->Jl oJ.J t l_Li_a ^^1 L^xlul 

4_x-aL>Jl 4_uLa jJI ^^jjojjLSJU <_i^jjl 3 J_a-i i_Lb^_ 5 e 3 jl ^-ic. I ^jla ^ 

I 11 i.li L$J I j Jo- A- L..I.J 4-Ia. HI till dll jl jJ, I (jl . ( 4_i_uJJ jJ.1 0y& LlajL) 
Jijju 4 (4-1,4.u \ ' 4_iIjJs (Jj-ol^33 ) 3j.a.la.ll i__3 Jl3J 

4_JI J>j,a.u ii 4_jl jJj J 4_uIL jl Juo ^^Jl 4.4 <i3. ) a LSAli j).a 

-}_LaJU (JSluJI (jl tiJJ j l4_uiojVI 3^£JI jl £cJjJt,L aLuVI 0 JlA> A- jpAj (jl 
^jI_Uj a l_2ll I A— i.-i.u.Luj 3^.3.IaJl 45 J-4i a Lul ajJAL) (_£ jJl 

(jib . (^(i^.<" l!' (j-a (_4jjJaJl ) «(_yL>.! jJl» i_<jL>JI (j-a (j-u£^£LJl 

Jl 

(jlf> 4 La jJsa_4^al t^jlji-a t__*SLj^SUI 4_Iaa»J Ja>-j 

jl J_a ^[c. 4.<.a.3 i Javjj JjJui c_il jJoj-oV (_ybjju 4 Lu^j9 

.^jJlSJI 4 ?jI _La ^j^L LaLa-i i_JiLiiej JJ> (j,<i-a..t"il' 


L is->yA Ij 


jjsj I A. ^c,j£,jX I j^LoJI cj'^-AIo S^jiiLla ^j_Loj 


4 j ts~>jA 4_aJ j! t ) /Y (j-u^Jl aLuTmiL 4 (j-UjJl ^j-9 (_j^ £_a 4.n°ilI Cj'^JllU 
t Ijlo^ju 4_^_ul$_La CjI^_jjLj LbjjJu jJjLuj ^_o»VI I J-$J 

.OJJb (jylLi Li^ 4.1a.a-J (_y^~ ^-4-4i_>iJ 4J Li.u^ 


dJjLjJJ I 


CjJuScj ;3^_4__>.VI OJJh (jj. 1^. _ujj _>■ 4j _ifuLj ^al_C4t>-1 j^Jb 

a La - nil A— f.(jy _Lea-a jLu^Aj 4<«_>Ll_ luJ! » 3^_4kUa ^LiJ! A— l_Ajj^_a 

* * ji 

3jL%j>> . 7>,,, 1 Joj I Cj Jlscj La£" 4 a I 1 ^ £ 1 Li ISJlo- I 1 ^ n-^e Aj ^jLi 

. 4jjL3Ho 4jjjje_4-a ^Lj£ — Ij J Lj l Aj 1 j (Jj ) a La- nil ^ya 4_ajl^ 

S^jfcLla t 4_a_) J_aJl j^.. jAq 4_2j^J,I 4 a La-4.oJ' £ya 3jL»_>Jl _ uj £>y& 


< 5 ^ 




A- Sjp' ^Lul S al ^ <~i _l>.I LS-oj jJl f. 1 o' *" l m <j\£ 

j—o>^' 4-Max von Laue cp& .^L-x^l 

ila^-iL-uJ 1 Cj' Jl>»' (jl fi '-<-uJ-La £-Ljj' «: aL j j_uiJI j^jjLj 4_Sjpa <2— 

jalla.ljl £~a J) AT' V « f. 1 a ml I 4.1a > L^J I» Jlj JloJ I 3 j LststU 4_o Ij uuaJ I 

(jIuJJJuJ^B C-<_ i _ 7 -al_3tX! (jl J_ oj «.Sl3 _ luI 4_l£. <_S_iii£ <_£ jJl ^ ‘v'S" 

cj! a [^—.UI {yZ I j±£ I a -l_£. £_Ernst Friedrich Chladni J* a 
cj' a 1 ^ will ojtJb Uoj ^jl WM 4- E*-~ 1" in^ ; I ^ I M ' 4_t^aL>Jl 
(Ja-J 3j L_5to»J I (Jj I j j - a £ .) I 4 ^ A * V ^ Ljcj . 4 S._iS.->J I ^ l_Lo 1 ^ a j S j 

a^LlII 4 _uuaL£i oj— j ir cJ i-ojLb t (Orne) 4 sin I a A_ L Aigle 

aUl*Jl j.I n 4 >>U .Jean-Baptiste Bioj_u r< ...n oW 4 _«,Ijj-> Si SloJ 

45 J-4> A_4_*JLj 3j_lC 4_aJ . (jJjLuiJ ( _ 7 jJojVI j_xC J_uoVL) ^_jJ_L4jSJl L^l. ^-ElC 

l i^—t 11 (_yj ^LSaJI {jja^Sal I f-^uj ^ SI 4 Llc.j_4iaj-a ^.Ljj-Ls?) cL— 4_ i^a.S.II 

(jl J_u 4 ( _ 3 _)j£ ^ 1 In < 1 I Jjv 4_alc. 3jj J- 4 J 3 JL) ajJL £pj_u Cjlal Aa^V 

^jC. 4 jjj^J,I jK >VL ISj". S a 4 Q^j—xiaJ.I I Jl^J (jji^seoil a'j-33_ lxjV' 

J Jjuj 4j.a't" ^ J lid I 45 Jl A> JJja* 'p>- Ev _ uj 4 ^<U1.LlIJL) 4 L<aL>Jl 

4 4 j j_S_laJI 4 jjISjI^j da Lai ni'XI f. Ijlcj _Laj 4_uIiVI 4JL>J1 J . 4S3 

L 4 S 3 J1 4_<^ lj CxJ l£ 4 11 (jj-SJ 1 i^jA (Jj^l (...S 4^n. 4.11 JI^ia Cjj-qS ljj 1 I 

.p>.L>Jl clUS 11 41 ^ l x.l 4 41,11 1145 ' 

J> 

45_L4> Jllul jjlsixl l_4i.aLLa (_pjl 4 J !>>^-Sj' J-jju ^j-oj JuLa C^jv^ln 

(Jlicj ^p<3 i _ 7 jSajjaJl ^_ulu (J_l 3 ^ci 4jl J_u ‘.diLiSopJ' ^Jp>- £ja ciijLull 
a^-tSaJ 1 1 L**j' 1 "" 'J -(pojVI ^lp>Jl 1 JJt> ^ya 4-LaIL^a SJl 

Cjl^-Sin ^--u>-pL)J 4 \ /X fj\ j^J J^Inll g.li s^°\ <2— 4_u 1j) ~uC 4_Sla-La 

Cj Li 1,4 ,ur>- C 4 -se. 4 a. 4-41 4 4S.In. 11' 4_uiILl11 CjI jl ml' t2-. ^j£jX ' JlC.LuJ' 

'jufc ^j-a CjL) 1 . n.rv (j' SjLiV' j_Lao . 4_JV' 45 J_4> (JlLa ^'piaL 

j.In HE 4 Cj'jL4jx1' 45-la (jla t cJj Lu' j 4-S.j.aa cj'jLxxi^ jpp (j' V J j j S!' 

^jLc^xxi Sj J* <^n 1_4 _uL a 4-i^ In <S-ia 4 ' _Xj J->o 4_u'^ xIuaJ' 1 (_yil 















j^SJ A* jjjJiJl OJlA, jl V^ . j-ajjl £_a {^^uj\ (JSUu) \c.jujxi (jj-a Llu U 

(_^l :4_UL_tO- j^SJ Jj3 US t ((_yjLjj_l-t-UaJ (_^V l_tSj^S t_)l j.la.i>>lS) 4j jU 
^LjjVI J Jl£. ^Jl I^Jaj ) ~t_jLi-tOi.il Jj Ji_tC.~i_jJ^_5jJl A_ LLv>» jc. 4_a->- Lj 
(J 7 -al_uj ( L^oJLju (_yjJl jl JlcVI £_a 4jjUiL) <_jj_uiL>Jl 4 In j.-au (_£ jjl JjJtjtil 
CjIjLujjs Jl JJoJI jajJuuj jjl ( _ t C._Aj V .LuLur>. UjU JIgj JjjU iJU 

Cj'^-j.lo ^_o»J cL- j^Su 4_U*J 4 -g.^I.I 4JV jJI jl VI t4-3t_oe-io 4 jJ^B 
. JajVI jLm-a CjIjLiu a J j-aj i^ujS (_£jSJI JlC.LjjJI 

(_yjUjJI^ ^yjLio.jJI ^jjyJI £-a l^jll jJxo^jJI JJI ^jLlLII j-jlu US 
4 JlC. jjl :<> J JJI Jju U SjJfcUj)) _) i—kjju U 4_ioLitjj tudjUtil JajJLuJ 
.ULlO L^_Lo I tl , ,.J U (■ j *. (_£^UuJ J £ k l ' J-3U • tl ^ . ■■" jjl (.iljLujl 

. <_lljLuJl (Jaol j-a j. jjS JS_Ju Lu^Iial _L3 jjSJ I Jl^jj 


Hyperion 

4_tSJ t(_Uj CjUU jc J_uu jLui-q 2-jjJj ijo-j t—SJJ £J Li j-lx _o j-g-3 jjfc 

\\K \ ^Lc '£— .Titan jl_iu ^__j Lull (j jLa-*Jl j _ail I jl_ luj jc. Juju ju£. 

j j 4jl juii ‘.j_ g-SJI Ijl^Jjj i^dujja (Voyager 2) T jjsejJ jU_«JJ j_S^j 

Jj Jo- i^_ 0 j|_*jl jlj 1 lia lla. tl' 4_o. jS _uu U Jo- Jl 4 j _uil ^Jjj-La ^uC. jS _lL 

^g _LtO- jljJjJ 4_j_uaLjl 4_tuljjJI jjaj jJ_a cL<_Jajl jjj JLajJLS ^ * * Jl 

jc. L-jlaiej V jljjj_ll 4-S_caLuJ jl^ ^1 :d_llla.aJl ^ IjUl^ 4_i_i aj_ ^,j,a ^jl^ I_ a 

t j^Jj_uU 4JU ^4- *4atLa _ttijj ij£ JS_ uj (_yic. 4 jI (_^l t(_>ua£l_(JI ^JaJjl 4 _jS_ujL(jJ 

CjUUoI 4_j jLj 4- 3^_SJl ^_Ja_ujj ^gj JL9 4jlSj ^—LlUVI 4j_ ii jjL_5e_g j_jLuj 

d ^ U" i a ^_« 5 _SJI 4 Sjo. duLS jij .4 rt'~V a CjLq jLc Cj jLj U_Lu Ujj 3 J al_*!La 

ji * * 

jlSJj t(Ja.jjJtJ LajJ ig•>"a 4jLIa.3t]' ^Jjltkl 4 _liIj 4-^f-^-l' 1 3Uj,„'j 

^Jjj-Ll.1 t-Jj.l.i.JI I JJt jl .i^aJI 4j^ae-a Jja- 4 jjLj 4c.j uti 4 uj .jj 4 jIjjJ 

j^j j_uLa jl VI.(JS i~ill jjlgJ>I (Amalthee^ LuJLai i i~il,l ^ a 4 cJ^I 1 nS 






(_£Lv (j J_<l! .^-p-VI I JJt _ a 4£jl_ lu £— Liz jlS\ 

l>A jti (2)1 da _ >.^Ij . ^ \ V i~ill ^ 4__)l^_uu jL—t^aj Cy~" 0 (!• Klavetter) 

. SjjkliaJI OJJt jli j I JL>» 3 Jl*l I Cj'j-LtTi.l' 

l ^ ijr uo^£i ^_)LL> CjI 3 j_Lu 4 Xfa Sjjfclia L^iS Jgi!la (Jf ll I ^jVI 3jJU 
. ( 4j bdI <?J_4> 2— £jjLJ 4.t. Ja.i ) l.^g] ^ (jLajjU 2)^-4J 4_j_La j J _La ,_£J^j 

^Jl <L»laIt 1 a 4jjI JlU 4^jj>. (jl SdJjJLall I jjt> j..i < .. 3.1 (2)£b-s i 3_X 

* 

. La^j JjvIj (J^*j j-q-3-P 1 jui> 3jj-i (JjJu-Lxu 51 :Lo _L>. 

aJlX (jl ijr^j -' a d :4 JLu-u-4_L1 jjjJl ■ t->j...r<. . n^[£ ^ia c_aui> .Vjl IjuuJ 

^ic ' . Lj^jI J ^IXjIu 0jl JlX (jlJ iS3j^ 4-£.j^a 

4_l3 Jl >.33 jTu,.i a A_ 1 _jj_4-3j (^al_>Jl j^IaJl £i 1 ^ 1 4 (JI^IL>.I -4 4_sc_lLi 

jlm/3 (Ju^oLiJl J LcJL ' (jLl (j-U-u-l 1 lx-glc l (J-ua Lb J \-uaA b ^3t-> < a 

^ ^ l^. 1 . 4_4J (2)IX (2)1 "•(_)-“ Lu^' <_ 1 ^ b .*•*> a 



.(^1 2^4 in W 111 a j Ua*1 * ojla ojlus j-i U ^la hi ) V (JSLuJ! 

Reproduitde (Y*^ i\Wo i^Lum j^jjb 

I. Peterson- Le chaos dans le systeme 
solaire- editions Pour la science. 1995. p. 209) 















OJJb t2- i— llj.kli.oVI -ijJLJ Vj ‘.4^J_>Jl i-ll J.k> <>>L) ^J-OJ 3 1' J ^kt J _L3j 

3j_ua-U ^joju fjl\^ L^-il^ t3 JljJu>- 4_uLj_ta Sj^fclla 4_ll_>Jl 

(jjjjJ 4jlkl*tl ^...I.AaI cLuiaB :^jLl.t.aJ>Jl £— LaJl3wI i_La.i ti.ll' 1_L>. jj^3_l ^_yO£ljJ 

^Ltiafl jjl £)il ^Aa. I t.g-1 j>_> . (J J-gTJ 1 ^JLij) LlscJuIaI Jj Ljjjfj 

4^LbVLi 4_uli 4jijoJl 1_4 _l 3 d ^ Us". / a J^IaLLa £j n jjlaJl 

jLjjaVI (JOJu l£-A JjjAaJl »Lo.4 A- 4_2la_LI.I . 4j (jr xoja JjlaLLa ^1 

<LiLsJJ.I JjuTuJ t.~< ^_l_l l_A cL_ l_iiJ !i J_«VI t 1J I I II 1 ft j it 


4-xi.o jAJ' (jJL^seaJl ^-1a (j-^l j-J -jjLH f. \ is")°i (_]■>• 4j^_tojjUl 
.^jIjAuA 4<< l a.'.) ,J^>. ^ V (JSLtHjJI 1^-N-jHa' 


(^jLliIuiI j_ 4^ J-A t3 j_jJU OJJt CjI jJL ^J^JjjjLa J..1.U2Z-) I All 

Jl 9 t_£jj>-VI jLAsVI ^ya Jj JjlJI 3 J-^Tutl I 4 j ioj-3Jl JJjJjj Sjl>JI I JlA t _ ;y _11 


4j.-u.oj un.,-*. : 4j(_ T xoj53 4-Lv j-a LaJjjvj Lo 3 _Lo jJ^L>- C-u-oL>- 

^y^e_i Lj-ijjvj ^ Lul tCjl jjl_) ^AiljJl CjjajJl £— ^.ojAjl 3 _La (jojieJ 4 _jl A_ 


.OJ-uaj ^yJLl LujJ^J 


L-iSI^SAl 

t JuVI ^LkliVI 4 -aLj 4 ^j^. ( 3 ^J ^^jpAjAaV' 0jl Ju3 £_ t_j£j£ jjJ 
4 a£-oaLua j-ki i 4 _£».j <?JJ J_) (^H 3 tH J- 3 jj .(_£jAj£JI t 3 ,^\jtl t X i.a.->. 

t ,i i,i,ai jL£ L j-'_iIjjs <’ll Ili 1 j.< uq.a i ii<i mi! I ^ylaLuJl 3L^cJ,Li 4 ^^>J! ***■ ^ 

juu jl e 4 431 a CjjajJl < 2 — L^J^j^-Sj < 2 — (_<_uaJI {j\£> ^_u ^j\ 

( _ T ialiuJI jLstXl • L*» 34 ij^ . 4 _uuj_ 3 j Li_il^ 4 3 j 4 a 

4 _daliQjl djVLjr<j 11 Ltiajl ^_iiaiej LajI^ t^n^.ui.U 

tl*J l£ 31? ‘ (J ^Lbw >U Ltis^jua ^u±aJjj1 I ^ LLa-/J I 3 Li I a I 1 <tC 3 ^ Lt-uTu 

^U^ 3 j (j^LC. l_iU j ^_ial 4 jI VI . jJwVlj (j-A_>jl (_ 7 ^ll 3 jjj-u£> 4 _CJ 

. ^jyiA. l_<fj I ^laC. I ^-*-1 ^ (J^ 1 3~1 11 j 3 I 








> 4_*_ im yi (jl (jj^_u (_£^_i^>r. Halley _A til_Liil ^aJl_ c. J 3"r 1 J_3j 

(jl jl^lal i(Jjjj-cjilaj 1 gl3 ' ( jy 3Jl 4-a-JjuaJl (jA_ul jJISJl CjUa.r>. jLa jJtH_ ljjLi 

4_tb JlaTl-U (_£ jJl CobjJl A_ 4 aJa_u (jj±A _uJl (j_a i_ijIL3j _m.i.l' jl _La 

* * -* 

CjJl^sj i_blj_st_)l (j_C. BjLlC. j^VI (jl£ (J—^ .S^o-VI OJufc jy£. ( _]_^>-j jl J_a 

4_jl ^*1 «_£j_Liil f. 1 a l^~ j-i _J-*J i_<_ i-jjj>- ^JLLa_ ts-t a j_ ~ 

t _ y Lc. (jV j-33_<-u^a julC. ^ _<^a_<iiJl ^UaJJl (j^£_;_<-ub i Lbl j_3ejl (jl£ (jib 

Laplace ^ jl^ cjLL^>. (jl Vl e ILjLa 4_tfsl^£j jj-a (JbVI 

a'jJt Jia 4JLtI_^l CjLuI^^c-j^_ bl C^jl£ WV*_ll 4 _l2^w 4-L a § ran g e 

1_jlc-Laj (_yil e 3 j—jLlII t i i ^I^JI djl^j_>a djLI j-L_ l^>I (jlj 3j_ aIIoJI 

A_CjL) Jl> 4 ( _ 7 —Ic. (jj Ls /" L^jlj 4 «L_jjjJ (_gj i ii (jj^J (jl j) ^ * ' V t4_ J.iLjjJ,I 

.4-la.m^ILa 4_a-ib CLiLseJLil th % $\ Jjuj (JSLlu -i_L>u I ^jjliLil 

(_yjJl (T jj^uaJl jJajI ) CjL )\j L. ,^VI 4-3-ij.la-i CjLjL.»i>- OJJb Cxjlf> 

(_)n a i"i.l I 4jGfs £_a ^jUL j.* is~i II 4jlI LlI I i_<5il^£JI (J3^ (jl I <3*i 

t .a-^iJ I 4-lxi (j_a ^ * * * j \ (_yj l^a* £_blI A_ ^.1,^11 ^S>^> 4Jb^ j-i L*j 

* J> 

t_^I^SJl (J3^ Lalj i (joa.CjJ I 4_lH^ (j-a \ * * * * /X ^l^a* (Ja*j 4_lH^ jjLsu jo* 
^ ....../X (^l^v :Jlill cyl^- cK>J^0 c T& 31 

(j)lt n I j I j 111 11 (j I *}£ I 1 4J^ a, a a (j !i I 4 I o JlA . ^ i.i a .CjJ I 41"^ (j-® 

<5_L4j ^1 JjjlIxuj .CjLj IjLxJoVI 4_3 jjIo 4_j£ C^.i,i ..gj (_£ jjl LLaiJl 4jj_*_a-i 

^jLj.i 

s ^ ** * 

(j I ^ „i i i.,i,i . (J^“ (_^v- l< '‘- l 1 I (_j I '-'•*» * I < _ 3.jfli5> (_^ jJ I 

^JjcLij L^jLi Laj.ac. 1^.3 -jjju (jSLajj ‘.(jJjLuJI (jLiuj (jujJI 3 j-aIL3 
Lluj Luj I Ijj J (jujJl (_^4 |j . (juujj Lila j_uC. (jjjj4 ^yjl j Ii (jujjjJ (ju^jiLla 
I (j-® (_j^ ^j?c_u :(jlit I j-uu.>i (^yL»-£ . 4 jo 1 a.t.ulI l£- u ISL t JL I <^_ 

(_yij 4(_yjl^lll ( jr L- L®Li , 0 J M ^ (^l^^. '£— (j, n. a .«n Jl (Jji*- La^-iljJ-S 

I jlj-i! o (jib :4_LxxiLu-a (jj^J jl£j jlj-il 

J 

OA y \ (^yjl^a* (jata-tHJl (Jlj^* t3^"3^ (3_^Cu..u (jo* *4 im 0^ ^ T 


Ol 












Jj>- Jju I ^1 j-ujLSlLa (jLifTjSJl jl Jlj5j l ^ j4 (jj£j La 3j_a ^ysjTy 3 1 1 .4_Lcu 
^ya 4. uTu IJ JlC. jj»ul Jj 9 La^J-c J£ (j$£u 1 LaLc. jjj_a Jju :^j£La_4 

. 4 i M A ' ^ tiiid I 1 l i i jm 2_) j I J^-J) J < ii4 ^_i 4 ^j 3^ n.4.i~i,l I Cj 1 jJ I 

j_uLJl 4_aJ»- Lill j-tj£j£JI Cjl£jJ*. Cj Li I j. la. iJq I (jl iJJ ^I'Jr'n Lufe 

T j Oj-ujjl t < i < ii^ Lu-lh \ (JJjja jjl £yC. i_ alla.il ji»-l £-j-a-LuJ ' a^ jJjLuXl 
4j jj j A_ Jla-U jjVI I Jjfc (jl ^yi ^Lj V Cj Li l,<.u>. Cjj^lal Jj9j . <? ^Lc.1 ^.t^ajjl 

J> 

4j }U C-JjLSj 4 * I nJJ Cjlj-Lxu ^ ^jLtuJ jj Jj Jjv j l_*£j^ (JjJa daHJ 3j.J.». 

jL-ajVI Sjjc. c -t-u-gj ^jJiJI La I .4a»jjJl ^Jjjl 

. ^ Lc 4Ha ^ * * J 4 -Ac. I Jaa J JuiO 1 ^ 1. -^s "J fir ^ I Lli.h>J I 3 jjo- Li I 

jLlj 4^jJl ^ya jjj£ jJii (J7 ic. 4 jjJqj ^1 yj ^Lj V CjLj L_ll>. Cj JI Jc9j 

jl t (4 j i H a .ui.11 4-£^.<a-JE-i 1 A_ jj^I ) (J^-jj (^jluiui I Cjlfl jj*. 

^aJ j . I * I j''j a j' i** ' 0 ' ---a j La^ ^jj l < Lj.u.ce^ 3 jj I t ^ 1 \ i Cj I _LA 1 <Tu.a 


A_ 3 Jjvljjl 4 3 j 4jJl i_Ll3 CjI JjfcLiiiiJI 4HL?e_Lg Laj 4 jjJq.U 1 (ju JjjLoJl Jjuj 
J jiSjJ I ^ Jl31I I (JJqjU ^jJ LLuTu I I Jj . ( 4 j>. J jJ I t^ya *\ * j ) 1 ) I 

tsOta, 11 ^_|^j 11 n Lj-xSJ CjL^j_>J ^yuj (_yJl i*ojJ 1 (JjjjJq ^_ 

(jl <-HJ 3 tjjo^LjV ^Lse-Jl I Jji (JxQjl 4jj) 3 * <3 CjUq Ijggj I 1 ^LaJl 

UjI J tt_ LjLa2e£ t jLfc l g»Vl jJL-IQ. 3ML^1 3j_<3J Jjj»_ 0 C<.t.a.J 4_UjIL>. 

^JlSjJI 4jvj 1 (jioAJ (j^j^ 4_jjjJtJl L3 j jj^LLtil ^Jjl3 LJqjI LajjJlq. 4jju 

• 4j£^UI ^ gltll 

4l> oMjV Le Verrier 4 _uj_^jJ J_^l j * j *.r _^Liil o>^J' 4- 

(jSjL<TuJ 4_oJ Lg £jHal L«_4 Jju I <_uj_3jJI 4_jJL<3ju i_jLi jjl 4jl j^IqL^ 

^jUol 3jLiVl LlA J4j>u . L^IaLqu J Cj^Lj Jju jJ cuj 

4_loIjj (J>-* a>^J *.' ^^ j^j^j Adams j_ol jUlLi 1_Hu 

4j 1 jji LlA j _ iIuLuo (JS!_ uuj Lua^J La VI ♦(J^jjljjl tdilSj_>- CjLIjJq _Hal 

4 j 3 ,.." 1 /i ^1 1 . ..a t jjj^Lj^J ^Ijd^ c_uJl_(_uI Jj Jjv Jjo- >L I Jj 





(jlfLtaV j)£La-l V ) aII^ (|1 jlj B" i 111 j)l 43 jl_ml £jLij 

. ( CjLsI j^s_il Vj 4_Ujj 9 tlilj_jju jL$ 4 c_j ju Juj jl VI 4_jjJu£JI CjI_ a-.LtlAVI 

4_Uj_*3jJ jjlii . JjJ _ se-o (_ylaj.ll Lil J-o j)l VI t^lLsLiw tlx_txuJ ^jlliJI <?J_$3 


-}L*J^ :4-Ial iij-lII ^JLi L^_u^j 4Jl_ lxx >3 oJju j-uVI CjL _JaLjJl »La-UJ ^-j-Laj 

.^.iji a mi-11 aUo-LII 4_j^_ooLuJ CjVjL*J, t_ajJjj ^1 (jjl 4 JLj 3_} 
jJaijI) 4 jjI£LiIjj Bjjj j.Ia..u ^aJ 4(jLo»VI t_JLl £- (jLluJl j_A LaliJ 
£j3^a j-luj ^- 4-> 4 4_uj_x3jJ 1 ^-v-jAa (_yllI 4J LxxJ, I Ja- ( V JI 

^1^ 4-u.u-ULi 4_uj_i3jJ L^j <jl£ (_ylll 4 Bj4jJl Jjl>Jll .BJLxxJj 

.j-\ a < n>J' BJLxxxa JiLc 4 (^LUI (Ji^a.dJl ) (jaHr<JJ 4 JLiLBJI 4_cIa_iVI 

(^S-UILUJ j»Uh_£) yj 


MjJl ^LkUl (jl tl<_uj La Jl»jj V 4jI VI 
(4_tlLxa 4_>JljLa (JjLl ^j_a (j-utSLLilJ ^ 1 ua.iaJl la ill ^j_a a ^^xxdLjj 

£_>LLaJl j-u 4.L.O 4_aJj Vj-l*_a jJ_u jJl J-A (j^ jj ‘.(J-alSTtU (JjLs 

jjlilLl (J-uuxjj 4j jLJl ^Lx.ti>»VI 4Jl,„a jj 1^- ^ya JuJiaII 

(JjJLv 4—i1 4 uctu (jjfcljjl C%JI A_ ^jJLi . I Jj Jir>o (J-al^Tdl 4 _lLiL ill j-uj 
t ( V (Ja^ajail jlul ) (_i^_4jj 1_>J I 4.1a. <.xiI jj 4-ilaJtJ' (JjLxxJ.1 (j-a JljJl*JLI 4_txJjJaj 
^1 4 u.n .(1L) Bl J^t_a 4_ul jlil t_3jjlaJ 4-B.4lj_a jjia- jL?ejV 1 n ' V Li-cSLI 
4 jjjIjJ (ytj.41 1 Lqj^j 4 (^Lla-tll jIj.B~k<. I BJlxia (Jii-a) 4 jjJcl1II (JjLjjjXI 
— jJjJjl - 4_Iil>j_La jl 4 jJK)I^J (3^J 4,JjJL>Jl (J_*i^e_a ^j^al^iw 

OJ>* 

^Ua-Lll ^jVI I ' j jj_a~I ~4_uiij_La jJjLuj ^cJ 

d ^ J.‘ ^"' ti<-t5e-i l^aja *"' jJjjjI (jl Vl^ 4 Bj-xIuL-La ^ , h a ^ill 

4-Li..xa-4-"ui I 4 a la 'V' ‘(J^VI ^ ic. 4_jl 4 ^ BjBaJl ^ 1 n a.ifiil' la <tl 

tiJLufc V 4jl .4 j9J ^j^I L^BjjjlI) ^j.2..L.u (J7 jJ! 

La I il ^jlj^ jj (jl jlSij V La^jl 4 j>-jJ ^1 j-Gj j* i^a La-^Aj.^ tlxjl£ jj 

jj^aJl tliljLt.ua tlxJLSjJj 4 (J-alSjiJ jLi^ ^UaJJl (jlSJ 4 (jt,i.a..t.~xJI 4_!aS_i Lujjj 

(jjl (j£Jj Bj_Ju-a (JBSJI jj£L (jt>. .BjjLjlLo V tilljLla ( j y lc. La ^-1 4_t-aL>Jl 


OA 












* . * 6 6 

(_Jjl£U (J_aISoJJ (Jj Li> ^ Ho.) i^ya Jftg-u LaLLu _L>o t (J.ALseJj V 4_L La I 

4jj^jJ*' L$j' JlC.Lu <_<£'^J' (_JH^ tjLb i4Jl_>J' 0 Jl& • <d)L'^.lai.^>V' 

^ Li t n~ (_£Jua JlC.LuJI (jiMrtj) . d) L '^-Ls-iis^? ' «L_ < < 11 <u7) 

LxlI I (J^«-tu (jLf> t '^-t-if* I JX.LuJI (jLfj 1 a'^-^ tj_)*£a-3LilI 

Jl9j . (j_<L^aJl jJjIju Sjj'jJl A_ _UlLuJL£ iSjj'jJl l al"r?c-a 

J^iIo-lL u*4 t^ Kll j JuoJL) 4 _Ajjl^> diL'^-lad<jL£ I jl 4 jI jJ^jjl d<-ul 
jJjjjI“l_2ijj^jC.jJ,^£ 4-Lfcj-j-aj 4_^j_uIL 4_Lfcj_u 3 <JL>Jl oJlA A_ 

(jjSjj t^J^alSJill JjUJI ^Ua-UL 4_^>L>Jl BjjLuJ.' di'jlkJ' (jt JLlu-u 

4_uIi 4_x£LaJ.' ^Ua.lt JI d)lf>^». 

^1 Li t " 4_toljJ 4.t 111 < IL> 4_doLjJ' ^jLlUI 0JJb 4_uj_<il A_ <_ <jj 

I Jj>- Sdpj 4 _iLvVI S^jLuJI <JJlA jJtUxjjl l_Li£LaJ t : <_^-*-u-a-cuJ' 

13jjLilU j-^c. cjljLLaJI (jl ^jb LLa 4-ij*<^> 4JL.nl,L b .4^jJljJ" 

f e 

jli.n-a Jpj I jl 4Jl 1 4j j_*J_a ^ rt n td)'jlloJ' 4 _uJLc. t jSLuJ La-Lp- 

t Ul^-a jLU,' ' JJb I jl ^' i4_x_p_a 4_ul Joj ' £— La SjUa La 

( j y l c - ^'J J-±£- J Lnj-a 4_ul jIuVl i_3j^IaJ' A- ' 'j_t_uu 

1 gj*4 ^La.) 4Jl jjio'jJLal llati.u^-) 4Jl .^^ 0 ^ jLno-a iSjLL 

4_uli L)5^J 4 ^j_>J' ij^JaJl a 1 <^i'4 ^_a ^_p- 1 SjjLuJ,' di ijlkJi 

jLa i ( \ \"\X ) jJjjjl £jLj 4 '-^" O -0 

dil j jTLua-) ^J l L? "'** ^LL-<J' tjL j! S*<r V' i^a.i^x •>“<!' 

(jt L2. yJb i (<^_L£J1 j.LaJL) Qj j* iss diiu-jJ t_i£'^£JI (Jj^) Lfc^_j^l dse-i jJ^jjl 

. 4 a L>~ 1 aj 3^-Sl 'u-lla 4S jjv & J 


Jju S(j-\_aJ&rJ' -i^- 5 e_a ' JJb jjLtHj t 

* * 

i_3 j_*j ' ) Laj) a c 4_da L^J' IS-ua Lu jJl (Jj 1 4_do L^J' 4 jj l.a..<-uJ I ISLu ISLJ,' 











Vl^ jj t-)Ti V <L.iLa^-lc ( 4_j£l_La Lu jJ I 4-aLviVl 4 j^ to n a^jJI 
jjjJlC. 4u.^C L^jI VI SjuuLo 1^-v^.Iaj ^_ylJl 3JjJu>Jl jlS^VLs t 4 _l^L>JI 

^_Io_lU dc£V J&iIj j)j) to ' j>_>-1 Li i_L_u I . clala.^^a >_i ^_L_u L> l ^ j 11 I 

^■bl jli£ .<_*fsl^|jl CjL^^s- CjV-sL*J. (_£J JjlJI (J-al^lII yJt :3^_p-VI CjIj_LluJI 
£ I 3~<VL> ^l_3C_U C-)L) l i.n.->J 1 ^yA £^_(JI I JJt al^jvl t. ; .<-Lui 1^>J 1 CjLj_L3j 
d j^U / a <_iLu.ii' ^Ic ^1 :4-lj3 1 a LfejLur.' £yZ-A-> CjLujJjj al^»-L> 

• 4^j_>Jl 4jLxjIa jjL j-j-iu l^L .slUcVl ^1 LulBJj 


4 ujIjJ a Lul £— j-aVI ^£.sl i A- y ^I^«JI _tiu £- ^ li^xaJl ^ Lstlu 

((jxi^—ixJl £yz. I Jl*j ji£V! l_i_^^SJI ^1 L-Syy _La jL_uJ. 4 j.S Jx. 

:^l3 JX. yA <_<£l^£Jl jj! lu £yC. 4.3.1~otJj 4f>ja>Jl i_£tsj ti a -%-Vlj 

yju 1 jl JxLilll ^-a 4 _lIIx <L>.j J ) ^_yjL lu_lu 1 (JSLluJ ^cla-ma gjI J-a.$ 

CjI i (JT ic. (_£jj>.VI i _ i ^ I^SJI CjI jl_Lius ~L>-Jj jlSu (j\ _>. < (<L_j j^jJ.1 

. ( ) V ^ ^j-u-oJ. I ell I Is 4^yX ljul£ 4. < ua.Li yy* 5 -L y Luua i^Cyuu.uA (_£ Lu < ^yi.t n XI 
i^yA (Jfs i ii a.ifiill ^LLa_<Jl 4 _luIjjJ Ll^_ll^ 3»- ^-a-^a_a i_ i^_luL>- 4 to <h l^-ij 

>^Ai ^ Uju G. Sussman LjU^u^uu J. Wisdom ^jj_luj .^U. 

tjii^jljjlj (J—^jj <~j.U *.4 iiLa-3-Jl 4_o»jl_>Jl c_<^I^SIil 4 ^y>- 4 luIjJj 

4_luIjJ CjJl>- 1 i”ila..c CLt-p. tj^kll 4 _ujLlLq 4_j_Lo j JJuO ijy ic. < 

yr^y " ^ 11 ^>-4-*-l I yy^ !-*-l I- 1 I 4 ju La y&j i a Lc. ^j^-iLa A i 0 3 J_a ( ) \ AA ) 

jLm-a ^_3^aj !* Vjl I . ( T * / ^ <na t^ill ^LLa.111 

^j_a (j^j^LU CjLla 4_*_iiaj (_yJl 4_*_Jcu ^j_a duvjl^p j'j-S'j 

4jj_1 4jlx ilaJ 1 ^lllu_ luV 4_ibl£ y)^> ^-1 CjL) ju jJl aJJb 

l a ^ I j Lluj 4 Pi->J ^_jju (jL>Jl L>^-l • ( 4 j i^~>^-iaJl <?Jui a L<^r>31 jl ) 4^^>Jl 

■Ln£i <4_ul jljVI i— _laJLi Jjllll 4_j_uaL>. jjjj^Li 4 ^j^kJ (jl£ l_a I Isl l_a-C. 

Y * ^_yjl^>. oySki i_3^_i^jLjJ [^yAyj 4_ ^y>~ jl^-33_ luI ^jx. ^LjlB ^r\_u 

4jJ JjlII CjLiLlil>JI jjl ^zr l -d_“ V .(jlsl 4 _jj_*-^3^ O^t! - ^ 0 

(j! Vl # t4 _j_uj-3j CjLi 11 «■>. oyyy _JaJl 1-^-iV ^lla-a ^1^ Lil_ us^j ^j-l 









I Jufc jJ-uj 1 4-fllllseJL' oLu jJul\ jlil j Juj La I Jj> (j^aSJcTu a l^-i_>Jl 

^al 4-3euTu.ll oJJb (jLs 4(jl^__>.VI ^-j-a-rw . J_uu Jl». (_yjl Loeu».^_a ^Liu_ ujVI 

VLaTo.1 ^ 3l' <j$£ CjLuGjL jJI al_a..ir 4 3 (jl ju_a 4 tiufcjJLJ 3^-JLa Jju 

. 4u^_>Jl 3 JuJuJl CjLvjjJI CjI 3 4_a-Io-}VI ^l 4,i< n /1L jl j-aTu » L LajLa 


t4j ( _ T xo^b 4f>j_». CjI 3 Jo.34 Ju>.lj j_a3j CjluSJjSJl (jia ju (j3l Jju ^al 
^ILaJJl (J-a^e-a (jl ajjl J>Lu J£lj . ^tb j L^J < <i~iJ Liajl 4 _<£j 5> j_A l^.°i 

jLi ^c-iL.u 11 <*i iiiI 3-^3 1 3^ 4_slxjjHJI v i^) I ju*.I (jV <S\^ l '^3'° l 

(_£ jJI juVI (jl CJ-pe -1 3 U <>»tl £jjQ (j^jjlj 4_]u^ (jl VI IjuJI C.UO- (j_a tlLu 
(jLa-i-u^j-u CjLiI 1 nrt£ . Ijcv (^jJ>»VI t_<£lj£JI (_ y lc 4 _iujLaj 

.(_£jj>.VI 4uo»jL>Jl c_^l^£Jl A_ (^yt^o^-aJl (_^-l^- juuJ-a (_^l (_£ Juj V 


Laskar jlsutf JUii! 

(_y 1 ii.a.i^iJ I ^ Haul I 4f*^>J ^cJo-1 JI 3 I (^^to^jaJ I £_> UaJ I 4 K i^i.a Cxsc- I 
to 1 II jl^ 3" 1 ..I 4J LluJ, OuJukJI I ~4 K iSu (_ ? 3-II CjLiIuSJ' 1 .a\ l-ie-aj 

4-3l.iL JI diLaLi^VI Juu 3jj>- ^u^ I 4j>-j^lo_a — 4_a_) JuLlI ^ < i,i,a..Lij.tl 

CjIj_l3ju (JT i^. 4imi JJ-^J 4uJJjJl 4_oJL*JI (JJjIouj .(j^j^Lj (j^jjujL^-i 
t_4^l^fLlljljjl (jLa . I Jj>- 4_u Lu-a 4_u_aj (jjiuliLa (Jiw Ju 4 . ^.xu dJJ 3j i 4 jl1L) 

i—iuuaJJ (jUjJjj ( JjlIaC. ) j-^-iIil X (ju (J^oejLl ^jljuJ (_^J : I Jcv Oj-u^k 

(_ ? ..«.i,i.a.uJI ^ 11 q.. 1U (jjj^u CjVJL*_ a 4l_al£La LjJjI I jl^ .((jjjjJLi) (j-ajJl (j_a 
(_^l t 4x>- L>Jl (_y <>l13j LaJ-p- (jj Lllu-uI (3^5 (_yJLj_u La^ 4-2tot_i-£oJ I j ) lu J J^i 

jlulo-l t tin 'VI (j_a (j^5u 4 ^(j-u-a-i-"uJI (j_a L ^u^VI 4 ^Li (j),l» 1 > Lau-3 
(juLjJluILa (jula->J j-tuauj ( _ 7 lJl 4_u_ajjl 3 jJI (_yji 3^Jo_>Jlj) 3ju-4^n4 3 ^Joj>- 

1 _jLhukJI A- (Juhj (_^jJI 3JjJutlI 3jJI (juG La^ ijr^‘3 -(J-*l^-Jl 4ul_a^- A- 

. ( ISu-aLu jJI 4jjV-il-A-a ^_3 3 * i*-J' 4 -j.aLxTJI ^_lC. 3 jJI (_^J JjJI 

4 3_5^-3ll (_>°Lj-3-a i_£^-Go^ 3JI ^-iLIoJI <_iLyL lLLlL V ‘i_^^>-l (j-° 






yC£> ,4 ..jSL.um CjLi 4jjiaj Cjjfal Laf^j j-^Ll!' (j-u La5> 

l_af> ‘(33^ Lab ij\.'li. i.iI' (j^J^La (JjjLuLc VI Lt^3- J 3 ^*-ll A- (J-al 

(JSLluj c_jLo^JI (_J>Jj_a -5^jJ La-Luv tlj_t».lj jjllLa LU j-^Ial 

<_i 11 ii' »_ij^oUJl C1 jLL^>JI 45_L4i ^yA ^ i doj_i2_a 

jl J^jJI Lab .ci%J!j JUI 4.1a a LJ' L^iiK: 

Jajlaiw c_<^wa 4- Jacques Laskar cdL^. udliJI ^LL. ^j_L 

rx.» 4 l i- * «l jbj) ^cjj J^LkJI (Bureau des Longitudes) Jj U\\ 

JoJLSj Ojjj 4 jl£!_i_uV £_<a^e-} . (^JLil_LuJl CjLc_i 2 _i^raJ I 4- 4 j Li L£ ^ya j_u5dl 

j-ua-i I 4 j.Ll •>■"< 1' iLeVerrier a-u^b^Jj Laplace ^MjV 

C_j 1_i_u_>j! 4iu-C>dl jiajlj ^1 L>»ll _i-uVI aVjjfc l_ 

,JJljl >3 _L>-Li 4-U-ajJ' ^u_uLSJ,l gl .-^al t 1 JuU^^S a _<_i_uL>Jl (jy lc 

J£_uaJ -ijju La I JlAj 4t_<£lj£Lll CjIjjJ (J J_*_a t «4jljj, _uJl» ^lc. 

Lulfaj : 1 J_a jl J^JLol (jd^- _^£JI 4 L£ j Cu I Jcv J <a s*la 

(J^Lu 4_J La->- ^ 4 _llifa I b t jLulJI (j_« IjLLlS 4_i _ juj Laj l-j£^ <jl J_u_ ujL 




^3 


(j! JJ J 4 £.j _UJ dll JlJ jl_loii I (JT lc- JJAj u-uSj^J\ 4_ Lfi 


(_£^vVL jl 4 Cj V_4 4i 1.4xiH4-> Ijj_1I1J 14_Lb ^j_a 4_u^_ibjJ ( J.„tVl 1_<a£ 4 _<-“V 

(_£ jJl <_<JjJjjJl _i^ajj ‘. ((3J. 1 L->~ 11 4_ LajJ (jl_>Jl La^ ) 1_A 

4-i,( ii llL) (—4. Jla-U Qj-L*-t.s~> 4-ULj-ta jji^ L^a ^LlLwj' 

LI3JJI3 3^_o»VI oJJt 4~*ljl >■■! -UiLuJl ^_l3 1 (^j-a ‘^-ll 4_lH^ 

J^_a ^I^xjVI Jl5l> 3 •' L*_xxj^lil < < 1111 ^_a CaljLiodl O-XJt djL^j.i.u^a 1 ^ 1 *\_mi ,1 

4.1 ii 3 ) jlSlxuV -^3 ‘ 3j^£ jJ»l diLuj-dUlL 4L3 _lujjJU ^<u- 3J! *_il_m> diLLac. 

Cjl_L?t-aj-jJl (j! da-->J' £j 1 u-w ^j-aj 1 Luj_3j _L>- ^ 0 * * * * Cjl j Cj^^L*_a ^aLal 
4 jJ JjlII CjL l i.u.>J I £yjQ 41_i_j_i_ul^_>Jl 4L1_ lu 14 L-ISLa-i 4 -Ia'^J' 


a j> 



.i_3j^5cj 4_uLj_mJl 


1Y 










4_}_LajJl (jji-uLill (jl LxJ .(_£JJjtJl L-j! i II ->.11 (jVI I JjjIaJl CjL) 

(j_a ^ i u~>\ I (i_*£lj£Jl CjIjjJu 4rtU"U cilij (_^l) <JJ_u-£ajl jj <,^a.SJl 

SjLiVI j Jj>o t^Lc. 0 * * jJfc_L J J-33 jjJol 4_jJLal£u Sjiaiw jLuiwl (j^Lai.1 
4_uLajJl ( _jj± r uLSJ,Li CxJj)^3 La 1 jl La Jj>- ^jy-ll 3j-Lt^a3 jJlaj 3I aJJb (jl 
i_3l£La J J^L j.3 i n"i V L$jl VI 4 La-tflJi i_jL^jj>JI (j^£u (jl (_L>-I j)-* ^jjLiJI 
4.Lau.tijoX I CjVjLlII 4_Lal£La jlSLtujV *^jU“ . ..j clLIju .c-)1 i n>Jl (Jrvij-a (j_a 
(j-a ju^l 4_tJ_a-*-J! j)l <jj J t LaLc. (j^-tia t __ r Ilj LX I jjfcLu 4_u_a j 3 J_a t^C- 

.3jJ-3-ll *—IJ-ujL>- (_ 7 1^- C—ll t Ii-v CjLlL-u £_tjaj 

<_£lj£JI cjL 5^>- (jLi ( \\A\ ^Li cjj-iHj (_ 7 HJI) <L5t_uJJI cjjLb! 
jj\ t4j(_ y ujo^£ 4f> jj*. (_^jfc (_psjVI t3j_AjJl t Jjline.) 4 _uL>-I jJl 


‘.4_ul JUjVI 4—iLi jjLUI 4 j ts-> lie -1 ^.luTu Cjlf>j_>Jl <5_L4> (jl_) 4 (_£^jvVLi 
(_3jj^jLjJ (j-a jj ( Jr tjjl (JSLlIij (jl _UlLuJ La 4.Io_>J c_ij_3jl I JjJuZu (jljL(.u.a^ 
J Jlc. (_ybjVI ^Jij-a (jLi I jl 4jl Ijla^ (_yI.«J I JJtj . jaLc. (j^tia 0 (^Jl^*- jjLiu 
(j-a 3 jllU->3 4 j*-jJ Jju I Jofcj) ljj-a I 0 (jjl (J-4-^u l-ujjiIi IbjjJLa La 4_li_>J 
(jl Vl^ t^Lc. (j^-ila ) ' * Jju Ja.nfl * * JjJlSsj (juLJl ^JuC. (jj£u t ( 4j jJl 
(JjLju La jjfcj t (j^-tla \ 0 ♦ £JL_ujj 4 ^Ix. (j^-tla I I 0 Jju t (j-uLjJl 


(_psjVI £3^_a <jl (jy-L*-a-J t^j.H.a-uJlj (jiojVI jj-u La 4-3L 4 . 4 j.a-U 4 l*» ■ I1 4.a-j-3-1' 

.(j jUaVI (_ylc. IJ Ji^e-a (j^-J V 

(Jjvjj (_£jluiui.l ) 4 _c>-jL>JI t_^l^£Jl (_ y i^- J-A-u V 4 (Jj imI <^_ 

i—jjjiaJlj jjLiJl (jr^ 4 JVj (_^l 4(j^J^JL aL llu-i.L) * ((j^HjJJ 
4jlj (_^j_>.l 4 ^j>- (j_a 14_uL lllluI 3JL>- LiuIj La^ (jjJ^L Jju ) 4_ul jIuVI 
. ( LaLaJ 4JLil_>u (jjs jK,„V CjL)Li.4i->J (j^i-aJ (_yJl <■ 3^3.^- 
‘ (*-> t ^P“ 3^ aJ *—*' j 4 jjjIjJ ^jLu ( ) ^v) ljj>»jjl jLSLtuV JjluJ 

Jl 

(J^e-a 3 JlXIJ 4 Laic. T0 * ^Jl 3jia.->J' (jjaoiajj 43jJLi J jli>»l jjj d>VjL*J,l 
^i-u-a-uJ ' ^aUsaJJl j-aC ujjLBj La ^1 4(j^_UuJl (j_aj (ju jLa 3 JiC. (JjLu (jVI 4 jjjIjjJI 
.4_aJ Jl3JI ^jLUJI 4_ir. OjjLjjI La 3 JjJj>JI ^jLlUI J^|3j . ( jiojILnI l l 





' ^SLJI J-ya 


: L^lla AjJlJ l_i^l^SJl j_« 1 ^_1 l_ilL(jfc 

l>^- jljj-^l •—slj-^j! Jjl^ Jpl jl 11^<.!<?' L^jljjj^jfcj 

e -* * 

^ii g.i~J' jl a^LlII j^a .(JjJ. 1-1 i_3 jju La jjfc j 4 ( __^ojVI jl J_a £_a J-oLuJl Jai- 

^lo < n I 1 ^~1 9 l"l I jV (■ <3_U.f->J' A_ 4 l*-4l" l_4^a (Jjjl J_LdJ V ITh-uJ I A- _XJ 

^ii q.oi.1' 4 jlLuI lLdjJLiu 4jjI j i_3lliejj . j_l£I (J_ui 4 l>-jJiJ » Lula] I 4- 
j_LxU (_)2J 4 (J_JJ jla .TV ( j y lc >Ll3 J_j j_j (_£jJl (JjJ.I ^nuij 1 nlf 

j> 

(JSv.i^j t4jjl^_>Jl Jjjlj^Jl 4~.^U»«t 4 jlj jJj 4 til l.g i^aa.) j^L 3-1 1 

♦ 4jj) * 1 1 3 LpJl jl^ a"u.n' (Jjlscj 
Lp^-4^' U^'ji- 5 LX 4 4_uLL*2a u^jVI 

.<_<jj_3j jjl da3fl 4 jjj^ 11Ja j' ^jl^-VI <_£lj£JI jdLui£ 4 L^jl VI Lull 
4- 0^y, u j IjJjJl £j£. 4_4JvLUI I j£jdl j_a 3 Jjlla.]' 3^3 lII (jl ciljj 

i V (_yjl ^se-i ( _ r ila2Jl Oj.la£ (_yic (_yjl^I< __ VI 4?jda3 Ju jj ^ jJl LLi£^£^ ^_da_ luJ 

4_U I ^~U III 4_Uat>- (JjjtJ j£L aJ 4 0jLjl JJ i ■ ..“it | | Ju4> j_LL<U (Ja- I j^J • 

L^JI 4j,.ui->J' OJ-tti j_a 4 a»I^JU a j_>JI i ) Jl^c-u .4_uJajVI 3 jiJL) ■ ^j~*-" 

i ((ja^lJl j_a L» jJfl ji£l 4-la 1 mi ) (_)^J 4jV ) L J^la l ^ jjLJCJ C.^_>jl jS\ Jl^J 
.(_p3jVI jljjJ j^5e_a ^-i^.33 ^1^ ^.i <a,i"i,ll 4aisliuJl |J^3Jl (Jjaj 4 dJJ jJ 4j5e_p_t^j 

jl^ 4 4^-jJ jJU JjloII I JlA (JlLa (JT JU.uJ ) L^ll_(iaX V-*^ J-4^2jl 

(jljjjJl J _ 1 . 41 33 (_^_ill clLJj (_^l 4 4_U jL>- 3^—3 lLs_luJ I (_yjl s jl_jl (^yJl^ 1_ AjIjI 

4 (c_J^ 4alJ^_L>jl ) jIjJlXI (jljj4 J^5e-43 LUjLv jJ l Lll JljJ . (l_£j! J ll 

. LlJ_ub 4 ?L>i_|I (_^ic. 1 _J 1 ^TT~ d J^5til I JlA <_Ij _ 4ji3j t 3j^ 4J^ _ 4J*J LuljJ 

Jl 

t^jljjjJl j^5e_<3 4^-ljl 4_u IjIluVI 4_j_ijl>JI 4_<^ LUI 4j>.jjjJU j jl CjJl>L 

TO , A * * (_yjl^ 3 - J 4-4-1J3 ^-Lj (jljj-i 4^r J "‘ 4 JlA jl i l I_xSLI 

3j_AlIi 4 «(jl J_!lc.VI (_^lLaJLd 4_il3j^_5til 4 _ ^^_>Jl» _luj Lo 4 aLc 

I j^l jj .(j^LJLl Jj^^jUiJI jj^JI) Hipparque^^jUiA j-La 4 ^jjjuo 

It 









4jlb ij! Jit I (_£jj— i-u-a ^yic. j^seoi Jja- s^UjI (jljJJoJI I Ju4» CjjJ^kJ 

SjJjJl 0 J —& (jljojsl (jl V[ .(_gjl—^ 111 (jljJJjJl jj^eoi tjj— lc. j_jJj V 

la)I j ^-U V jl J _lib :4b J jii£l jLJ jI yc. jJi _luj (_£jl -ill (jljjjJL 4 _jjL^.UI 

(4_<—uj (jjolll 4 jjj (joi ,_£Jj 3 ^yic. ) Jail ( . Illag eJ (j^aj f -\—<^flll '£— 
4j^ VI 4 Idjdla i_b V^>-VI I Ju4> j Juj Jib . TV , V 4.ln i gjolI cCi-4-ib yC. \ t V 

<_aLaiiJl 3jjl J Jtlib . ( ja^_oJl 4*_iioV (jojVI ysjju (_£Jua £-JL> jojIj J J 

(jiiAaoJ I 4_*_iiu V ^ u^sJ I y^ ^_*oJ ! 4 4 < >i) ‘ 3l~ *>■ ' 4 J Lol I Joj uj ^Jl£. ' *} *~< 11 

yC. 4_qj>-LlII ilHa) bjjoJLa ) ijjl jaioJl OJJti Jaa (jL> J l 3" c I 4cjj . 

4jj_lL>JI jjJ,I j _iudj (^_JojVI ^-LUVLi (_^>L>vlI (_g j^jJ.I jucLuJl cjIjoju 

.^y^-LijJI (joajJI Uj^ (_^oJI 

(jl (j^L^JJ (j-« (jl£ lb! La 4bjJL4J J)U.l) <jVI 4.1.41 j) ^j-laJ (_gjJI Jljooll 
4 J it?" i nil £— CjJu>iJ j)l jl 4 JjLi_4jJI A- JolI (_JjC. CjIjIo jb jo^I cIjIjoju jj£j 
J (<?" i nil £— ^ jl JjLijJI A_ jj£a (jl Jail cIiIjoaII (jSaU Jji : I _U_L>oj 


VI 4 Jljaall I Jui yC. laluu 4 jL>-VI (_jl jl^-4-uV CjL)L.u->. J_WU 
Lj^-4-3 (j£a jib .j-^JaJl :3 ja-aTua 43. j.3..cej 4L>jj_4liaJ 4 j Ln.VI 43 Jali (jl 

4jjlaj Jjlol Jl JaC-VI (_y"iU ii < I 4_jlajjjtll 4^j_>Jl 3jas CailSJ 41 
(jiojVI jl _Lo (j;^a«.u a jlj^l JcvV (^JlalL 4jjLaj-o OjLSLIj 4 1 b l». <■>->! 

j)j JJt J.sL* 3 (jl Lulj Jl£ij . ((_gj-4.~u-i.il (julaall (_ylc ill 4iJlj CjI^jjv (_^j) 

(_jl (jLp^VI i_JLc. Jijoj (jUjJlJ ‘.(j-UjJl Sj-ALIo (jc. j-.43.4uJ (jjJJ*jJl 


CjL^j->iJ 4j( jy _4Jajb (jj^ JjJtJ (_gjjl J-A (jjl 4 >Jl>.J jal^JI (jl -(jH^J-^ll 

4>jL^j LiuA-Lo Ijjuaaj \ i J5 v.l"JI y^SyAJJ .(_gjL^_iJI ysj^l (jlJJJ 

^LuaVlj (_gjl^JJl (jljj-jjl J-y3 (j-^j 4JV Jj CjljaJiaJI loaxa iSjSbsJI 

J>-1 (j^l CjIj-UlJI 43 jail 4_lLi.gr>. ^JJ jbj .(^jLoauJl Laliill 3jjl J JO£. ^ 1 nq nil! 

4 aLc. (jjaLa Ja3 U ( *(j-ajjl ) 4 JlaIjJI 3 jJ.1 y-a JaxJ 4-oj_4aa_La J Jua 
(jisljabl (^^lc. 4 alx. (jjaLo (_J[ J is~i~ 4_aJlb J JuQ J^l (j-*J J-4-3JI SLcljai 

. ^c-4^>l j JSlauJ jl j 3~ 1 ill JjaLt^ jai_jJl jjl (^JlseIu . j-^aJl 4_jlaC. 
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^jr \.j I ^ 1^11 \ it A V ljLjI t n *v £t_iL»j — ^ £ t7i T I 

A • * * ^ I • {^y-Q l l ju 0^3 tjiOrtT I ajv jjfj ^ • • * . 3^ *< tut I 

>U~% I \ *1 fi til ^ UlT I ^IjLtll Vl t>L3.al J I ( a 3_t_4 l7l TI I 

Large scale chaos ,jLSLt* V .^L* 3* -VU-ti °no ^jjJI 

and marginal stability in the Solar SystemiCelestial Mechan- 
ASA.q^iW JSLjJl <(ics and Dynamical Astronomy 64 (1996 
(Kluwer Academic Publishers 4-oa I 


1 i<o 11 ^Lx-s! i_£^ 3*VI v a ta 1' t_ (3^^ 

Ltk Jl».j • 4_a Li 4 a I Jlv 4_t2_uL>- j l_31 1^-I5d t ( 3^_A^J I j .} j llag. e- Lllllii Li ) 

(jl VI t j. g rtll 4-ti^Li LglbjLtLa CjI li (jr A d^OJ jUSl 

^_«_SJl 4Ju^ •<_ 7 -II 3^1 cyl^- 3* 'A ^ Vj <\0 t T) A_j (_psjVI 3* 1 J-J^l t_tf>l^£JI t?-LA 

i ll 11 „VI Jl>- I I _LA o t^jl i"i~i i nl JSLtij (j 41 3j_u£ (VI 4L£ 3-* ^ / A ) ) 

*3°.jV I d^ 3 ‘ ^ J'j. 3" i ii I A_ ^.<>311 4 _j ^(_^ jj I I jj jJ I ^ Ijj 









I Jl A> <_£l^£11 Li 4j-aL>Jl 4_ujl_*_aj jLs..i.uV CjL> 1 i<i-v Cj jfjl _L3j 

£CJ»»jVI (Jy lc Ij_a dj_4fcjJlj JjLLiC (_£j)^3e_a (_Jja (jl (j\JJ 4jjjJl 

JlXI (jc. ^CdvLLlI ciJl^IcvVI jjV j)-o 1* J t4 _uIj-mi.»J' 4fj^_>Jl (j_a 

(JjJ.1 (Jljj V ijJjLdll £— .(jjj^Iuai-a (jVI bLlJ 4jjd>Jlj 

L3^i * j)-^ -Llaj ^U-2JI (j-0 (jLse-o j_ Ju j Jlo3 .^J_jJI ^l^ L( JT j3d^B ^Jji.1 

La^ (Sj 1 '"‘L I (J-*-° ) £c-J^)i, I (j-a i^j ii <i (~i 11 (j-£- I _L*-> l_£Ij£JI Lai . *\ * 

.^j-u\-uj I JSLluJ jl^ d" i ill 4JU <^_ L^i_t_a a J-i-L^ i ( 0J-3U 

l A\j i ts~> a jj LSLI ^ r, n\ I ^ J ^ I O JlJ Jljjj (j 3 I {^yaj)*d£ I 3J L>- (j I 

(_yjl^ I jiad <(4_u3ajVI» c_<£il^Jl l^g.a.4.a.i ( _ ; jJI c_<£lj£LJl <_1Ulj ^ 1 ^ 4 ^ 
«L>LUl CjI^_uuJI cJL*Jj 4 ( _£ (J7 _Ja^3 jjiaj ^1 l ^lja ^pajjuJj 

.(J^VI (jJ^- Ijjlaj jit^VI L&$^jL» 4dLc>Jl jjiaj (jj-i 4 jlILlII 

>—j^L.uLi 4_u3 j£Jls JjLLaJ 4(j-uLil 4_iB j_A_u (jlla 1 A_ LlA lL<ia. il _L>i_i 
. daLul^ l_Lx£Laj LLuTu 4_a3 (jl jISLmi*^ Jad*. jlj tdJLI3 (j_a ^jCjJI (jr lc. 

JjL^a Li (I I (j_a 4(J^s (j-a -iL-u Lilia <_£lj (jILs >a 

SL^Jclal^a ^3 (j_a^ i^^ajVLi 4_i 1 <,~i c_f.ST^J lc. J a I<"n (jl (^ < na nil! ^l-La.tU 

(_£j£jJj ^*JJl (j_a (_^l^l (jV -.L-id'^ JjvIj Ijj^Iaj ji£l 

Jl 3L)VI t-jfjIjSJI (j^J (j\dV (JJjLlLvVI (JjL.dJ 3jlj^>- j3i£l L?5^ 

jlJ_3^^l (_ y ic. CLlcLJI j-a-dJ I jj J_i 4_l^L>JI ^jLuJI olLajI . (d_La-stILa 
4-£L«.ua Juu (_yic. ^1 jJl t_<£JSL!LI (jl^ I 31^ : L^CVJ I Jl) Lilia ^ jjl (^Ijil I JlA 
(jl (j^La-1 ■ L*«3a jj j..Ic. t(_^jLuluiI (J^LxHjj 4in£^ ji ^a^ *=Lje_pe ^ 

4jj£j_a (Jj_l 3 jJ_a (CjISLk'^ c_d_uiajj (Jj .dj^ialLa 3LpJ 4_aJ jLU i_3jjiaJl 

l—£j5) (_pajVI (jl CjLuI (_yil ^jLLxJI (j-a ^j^Jl C.JLa 4 ^.4j-a-i3JI 

.«(joj£L*Jl (_yJl ^_»_(IuJ <LukljJl ^jLliJl (jl JlJJ 4(j^SJI 
: l_5t_jdv^j jjjLcuoJI JjJL - j-a-dJI Jj-ol (jLiiuj (jVI (^yTta. (j^_dj V 

t_^l^£Jl 4_j£ CjJ^ jjl 4./nj'i cis^Jl 4— (JSLxHjj - ^tdji.1 Lxdlfi (jl^ 

.Lkd^l (j-a (JjLa j J-3 ^ n! .11 ^j_a 4 ( j3ajVLi ajli <^»l —(_^jj>.VI 





OJJb 3 j_ua (j.aSlj a till Lj^fLa ^^JLaLiuJl (J^Lfllll (J* ei) i_lU j Jju tfj^jD £_a->o 
Li Jl>- I Jl^3 11 Jl>. Ju i^~> Cj_L>J I I JJb (JlLa jLalo-l (jl A_ 4-ii^a^aJI 
^jjl) 4 j.}L*JI I JlJ, i—sLLa —j l^i <It Llal ^l£l jl iLaLl 

OJlA> c-j) A_ . ( 4 lo-v jUJ jjj ln.->J I j j < ..^**« t 4_u LlTu-u I CjIjl>-I (_yjl g^ra-Ul 

c 3 a is~>\ ^jLi- CjIjLa-v (jLalo*! jl tdi'jL li£ VI 

. _lZL*_! L& La_4 ^_u5u 


^ <<i 4 ttiT I j^HaJLll ^ ai 4 L^l I j i^-dlLuj VI 

o[_j La (_yJl 3* <5 ^LuTu..,' LU ^jLiUI ojjt 

uJl aII^i <tl jlj. 3" i ii L 4_4-al_>Jl 4_a~i J-3JI 4 JLoJ.I (j£. I jLa . I j£j-a (jSL 
I j (jl£ 4 _£Jj LtlaLa. (j£L <jjj jL)V J £_}lj-cV JjbS (j_a jljJsILcuVI CjLuI^ 
JlJU (jl (j£La-i t^Lc. (j-U jLa 3j. Mir 4 _uj (j_a (_£ J_a ^U*4 .Sjjji^e-a 4-p» jLi.<a 
I Jjfcj t 4 jjjJ 4_uli ^lia..UI 4£js>- (jl c_»jjJiI<Jl (j_a 3ju3 » <L>-j J ( _ 7 Io' 

t ^_ifs I 4_uLaj J J_a (jy-1^. La I . 4.„t5Lu.u jl£J I *_j Li-u->J I (j^Ja ^ ^ 11 Li ^-a-i-uj La 

Vj t u_)Laa_>J I j-lJu JljJlIc. (jr 3L_ujj 4 , U ^, ■■" 4-x,<^r>j-nJ I 4>Jofc (jLs 

4JL>~ 111 I ( j y Juu V I Jjfc j)l VI . OjL* 4 jLU Jju <45s^>JLi jj_uJl ^.la.lj.44.) 

A. 4£j->J L j-uTJl (jl 4_5_l2_>JI 4?JlA .LljIj La^ <LjjIjJ (_^L) ^LlSJI 

aCi-a-cj jj-a ^AjJl ( jr lc. 4 4_ul jJbVI c_£j^IaJL Lu£j_*-a ^j_a lj jLLajI J 1 7i~ , nU 

^-4iI^LjJI (j_a 4_C.^_<a^e_a «L_oljjJ 4_2 j^Li J^_se-a jisa-u^j 4 (j\j^-u5ll I I j 

6 . * 

d 4.t.i u 1 4_j_ali->vll (jl La^ 4 j-uTJI A_ 4_ual*Jl 4_ijLaX I jjHiej Vj 4 4_u Lij_uii I 

. ^^.ItJ I A_ 4. \c. t _ 7 _Ic. V Us^jIL 

(j_a Oj-jf -J jlSLuiV U>lI (_ JT ILlI 4_uisLjjJl diLl < .i.>jl ^jLu 

^JlC. 4 LuIdLjj jiluuJ ^ 1 11 a (^ill ^lla.4.1' (jl (_^Jl (j\ZL>-L»Jl 

I 4^j>- (j-a (j^j 4 4_^>. jj_a 4_uJojVI <_^I^£JI A_ I _L4> jl^ rt~ 1 nVI 
^LLxlII (j-a JjLLac. JUJI (_,n (jl Vlrt-a (JjiJ 4 jlS! < nV l-uju^-j 


“l A 





!^ya (_ y -Laj (jgiLuia A— VI 4jl3^j ^SLaJ V j_aVI IjuA JiLa <jl VI ) t _ y i.<i.a..uJI 

jl^ . 4 ., ua i ^ < ii a-uJl ^Uo-IlJ 1 j_aJ«-ll (JjLu La ^1 t^Lc. jLila 0 4_uj 

Jj_L>- yA 4_l3 i—ijIuLs (_£ jjl 4< »aj Cx^jJl jl j-ZlcuVI ^ J^. ^j_a Ju Lu^ 

^ Lla-tJ I yj^3 4-ila.C ) ^ in a-i^i I ^ LlvilJ <CLst_iJ I 4 _jS!_u lSLX I 4jJ LaJ, I 4_u»- 
3 J_uu 4 j*j iL> (j-ul £_a (J^Ljuj tSJLiaJl ^JL (JfsLliJ 43jjjtil t t _y(.n,a..(5.iJI 

j> * 

Lis Lj_i» LfcjjJa_La yA ^.i a.t~i.l lj i_<fs II Jju I i_lL^_5&il I (j-u 1^3 I Jj*. 
Oj J_>jL ^-a-t-aj La Ijofcj . (^_yjl j (jljjJ CjI j La-)JJ 4Jt5> CjI j «4jjLa 


^Ll <? Jju ^jJl t jl^ 3" ((.VI ^ Jjl3 : ^ ,<.,< ■ a./ii.H ^Lta-Ill ^.MLal^JI jl^ 3" > ..VI 
.tiJLj^tlil ^.lc JjLLaj Jj Jjv ^1 LjJjJjj 4 LiSLq^a LlL^jtjJl 











is^i a 1' 


o:wj.oJI OoJojiJI 


lj l£ lSLL>. V I 

14_u^uLi_aL^Jl 4-i$LuaL(J jJ' 4ala.jVI 4 j_uIj Ju ^jVI ( _ 7 Io-. I_i_a3 J.2J 
LLalla, t jjL>- . L&jS Ju-aitu V 4_ulu CjLuI£ (Jii-4-i 4 _u^oLjj CjLuL^ 

£)l ^_iC. L>°) (_£jj 9 Lila aI t !^u.ixaJm J1 ^C,\ i (J iia.aX' 

tCjLLao^eJUj jL*_Jl jj_>Jlj jJ .1 clIj_seJ 4 ^Lla j_)^djVI 4JU • (till i 

4^L>J' 4.t5Lu iSLtl' 4 j 3 Ha 11 ^jl ( _ y ltj I _LAj ‘. 1_£L>* Ij l £C Lli ^LJ. I tilusuj 

VI .3jlj^>» ^_yJl L^J-a >Ia< n4 (J^scUj Lxjlq iLaL^j ■ tl ^ V j^iojVI 4fs^u&j 

1 t-i-v- <_jL£jjLj 4Lu-Ja.ll C-il£lSua.VI QJ~& jlfjl (J-aL>u La LlJLI 4-jl 
^a ^^Livll ^Ua-U'» (^1 4<_ 7 JLl1,1 Lj j-j-HI .4 _Lc. 

£— 4lil3 4_j3 4^1 la 11 ti i~ ( j^^Tilua l_4> ^^SLuaLul ^ Ha.) 4-Ha-i 4 « Ju_ai«u-11 

4 <> JJull 4ala.iVI 4 j£ :4-iSLuaLujJI 4-ala-iVI £ya (_£jjwl 4u3 (jVI <JjLuj 
OJJb .^ajjl £_a (J^o^Luj La-ilj 4 4iilIaJ' ilklse-U V I 4aLa-i VI (_£ \ 

: 4 -u 5 .~J.La I 4 JI 4a-La„iVI ^j-a L ju.ll I ^Jsl^Jl t—ijJal 4u£u-a Lu jJ I 4-aIa-iVI 

4uSu_a Lu jJ 1 4 ata 'VI (jl3 ^<u j_)_aj 4 (Jjtal Li 3jjj>-j_a Cjl^lSJcvVL^ 
. L^la-^3 tlLlj {^j-a 4-ut3' J I LuJu_a Jju CjI^I^TcvVI ^c.1^3 

? 4 i <^**i 1 1 a 1 ^1 1 4_a^ojVI 1 ~~' 1 ^ ~s- 1 ^ 1 a 1 i"n \ 4 A\^ 4 1 , s~\ -J. 4_a3 

(_£jJ 4^^~i i~.i.a 4_u-aL>- oJJb^ . 4^j _>Jl c ljul V ^ ^4 

^1 J>j_ *j ^ _ 4jj 4 4_a-LaHla jl Cj _il_^ 4 j 4 4_a la 1 VI 45 J-<5) CjL^^o- 

.J^UU^DI 











t^Jjjtddl ^Ua-dl jl tSjJjJ,! 4-a-L-)VI CjL£j_>u L-dllLsej 

<n 4_jl (jr L*.<y <jlj3"n.VI £yz 4JU ^1 t 4^.j_cuJl £jjq 4jjl_3lLa <L>.j Jj 

(_£ jjl (dax-v. £ya ^JlU (Jjjuil ) JjjL-iJl jLLh.i.i .4^j^>JI ^c. (-AsjIlII ^1^ 


^J| 4jL$_l1 I A- JjjuJ t 4_^Aal_u_a 4 .jl,i.u..) 4<LLut-o 3 jJ, (jjljliJi cJi£yc £yz 4jfcjj_) 
4_a-la_i^l BjJljJU 4 ak '^1 JLuuijI |Qxujj .(jjljIiJl t—3-3j-a 

.4^LLJL ^y>.jL>. jl J-al^ (^1 i_y 3l~i" V t _ JT U_II 


fj 3I"m 4JU (_yJ[ (Joa-i ^ 5^ Jlo^s 4.ak*»l i_llLLfc (jl V1^ 

4_jX.j_a L^j^. (jL 4-a.L-i*^H <5 _L4 j (JlLa 4f>jjv (. ^ : ^jlAJ I 4^3 LL 

4 jJju) (_>^Li olj> 4 ^Lu JU. j_&j .mouvement entretenu 


4jalIaiL 4fi j_>Jl 4 jJl*j) 4jjjj1jf> <LlLcu jl ( 4_j*Lu l£LJ. I 4jalla.]L 4f>j^>Jl 

r^jaLusL^Jl ^LL_Lll 4_aiia-i^l ojJtt a£js>- 4_uij . ( <LjjLI 

4.l2i/.n.-a t (etat de regime «^Llaj 4_lU.») SjjL*-a 4fs j^. £j_L ^42 
.<_j jLv Ur *<"j jj-LJI jLiu.a (jl lu j_i^. 4_ul jGjV! 1 —ajj.lMl 


A. (J ja3e-a (_i jL>. :<_j jL>J 4.^>L>. 4.1 Le£ LlA £ya jl ju^u-uVI 4_)L>- jj_u) 

1 3j_>Ll 3Ju4-s I JwU 4f>jj>Jl (jls i 4_ul _£L)VI 1 —3jj-laJl Cxjl£ LI J . (4.1a.3. i 
jUJl ^j-a jjlaJl jL.ua <_ijIL3j t^Lp-VI c-Jlii £— 3 

t4J5 J _1 cdbjJl Jjjjjjj 4^1 LJJ 4 , ,ij Ls IjlAJ . L-JjJjj 4_) ^ jHa-5 (jl (JjiS 
£ysj l 4_ul JlLVI i_ fljjiaJl ^_y. LljjJjj 4-1.3,'l.i-u.a 4 ^lL_uJI <_jjI_3£. a£js>- <jV 
CjI 3 4.C.L uJI jjujIjj jJlii-o ^ 0 JCillI (j\_u . I^;.n3<l LjjJ 4Jj l_4_>3 03^ r4J 

( _ JT lc. Jj^jjVI (Jitflj La-Lu t»_J^L>Jl ciLu^ujJl I (Jia-J Ca> t^j^ajLxJI 

Lsl .^JijJ.1 j-ulaj (jjJ 4x.j_ioJl 3^Lj (^1 :4fij^>J! 4 jLc.j < _ 7 jjjIjJI jjjcJ.1 

lil^ :B j A 4_ul j3_iVI (-Sjjlol La.A J jL>d ^jjjLjj-o *-La^>Jl 

OJlA, Ls ^jLlj-t^j .4_ul _Uj I 4^.j_oj tjjJiJ (juilj-LJl 

lL-ij-u>] l <_oL>Jl i_^j_*jj .c_j jUJL (3jjjJl ^Ljl 4 j^L jju) oljLoJ.' 

(cycle limite)4jj^» 3jjj_» 


VX 





lIljl?* I <_jI3 IjJLs L>JI jj11 »1 iia4 — ^ o <7itI 

t-J 3L>J I 4-1^ III 3 t I I 4_J I ^3yi .lJJLlQ-LuJ I ■ t-> 4. T L) C_»3L>J I 

4 3"t t *>t. I cJI3^ F D i^yA A J p -l- i ll jl tut' L^S tF (_yll C 
.F^J! E^ B 


31 i 4-x^La.l I 3 Jl_o-^J I 4J La-J I £j 9 I^J I (_^u_jJ 4 a.isn^j l_La-3 (_£ jJ I jJ Ld I 

C_jl Jl>. JSJ 1 t 3 J JjlTlII t_i3lj_>Jl dll 3 4 a^i i^l Vjl _L>-^3 

jLi.ua ( _ t »„< (i L&JI 4_ul _Gj^I t—ajj.loJI CdaTu' I 31 jjioJl aLia^ (j- 0 4_3la_La ^1 

:^_<ialj Lufc ((j__)i£>^>Jl(()) j»r lt-^ ,^> a (_jj-al -Q11 Jj^ljJ.1 i_i3l_>Jl j^t_i jj-taJl 

(j <~ i <i4 t La ^La (_£jj^_a (jiajjv (_ybjVI (jy ic. a La 4_La2j t~.U»3... 
t LuLa t_j3La. (Jilaj t4-L.LdTJ I I JJt eL-j tj_p»VI ljufc ^1 3 j>j-*JL> 

3j_La_a L^J^L>- ^ <>» n i _ 7 llll c-jLllhjVI 3 J_a 4fs j_>JI A_ 3 jjLl 1I 3 jJ,I Jj^l jj 

.j^Vl Ij^JaUI 

I 14x. L_uJ I <^_ I 14 j 3 «~ jii£ I 1 1 i l_^>- Ltiaj I dl LlA 

l _ 7 Jt> 4_u u.lI^J' L^ILujj t4jj^>Jl <j-a 3jiC diLvjJ dll 3 4-q.In.iVI A. _L>-jj 

Ig \c. di Jl5&3. h.u (_y3Jl t4_Uj_*Jl i_i3lj-5e_!Li I j a * ■■" dca -1 dt-iscj 4 _iIjJl1I £j-a 

4jJ_> j! SjjjJl .3 JJ_J.I 4-a-Ia-i^l '£— ^ Joj-3J I ^yr^i\.i<r *,■%. ^ Jl>.I La-vV 

• i_i jL^eJLI I _L>- 4_t^aL>- 3J L>- ^jil ( _ 7 -A 4x.Li_aJL) 4_t^aL>Jl 


vr 








I 4_J jLv I 


J[jVI L^JjLu ^_yJl ) 4_u^Tii-Ldl^J' 4ala iSH £j \j t—3 ^Lia-VI jLt-tTuTu 11 V 

Lt_i_u_kU I t ( L^iseJ tjVI I J_u ) 3-iJuJU 4-alajV' j (i_jL£L 1I £ya 

LLfcjJ jjl J).i < 11 ^4£j_>Jl aLul j^laJI al lin^i /CJ 5 e_>J CjJt5tj I jLa : ( _ y jLi]l < nil 

CjI£jj>JI jJjLuj Laj^ 4 L$_ljju 4^j_seJ V iJJLj_ 5 tlll ^.Ic 

4JiUil 4 4_ul JojVI <_3j^iaJl (j-« «4_ajj»-» J^lla-xl.' I JJb ^j-a jl (jjjj JlII .4_i£La-U 
4.3.1a <a ^jse_>Jl_i J ist>2j ) ali^a4 ^=ta- ^ya ^_t>. JaLxu £_j-a-3eu 

( _yll 4^y>Jl 4 < i.i.iuj . ( 4J_a-^-$J 4< . 1 3 ) aL^aatl Jju L^J jj k*TI f li^-»4 ^_ya 

^C-sukJI 4jyStj <2_ L^j (_yaL>Jl jjlaJ! jLm,a (jy lc 4 3 U < t' ^jufc ^j-a 4ia2j JSu 

Jj^ alia. Ill 1 3^ 4_il 4 jI 4 ( jLp»VI ^ia» a '£- Jj3»"!l ^JLi J^e-i t _ y Lc 
^ya l _ya_L3_ljl ^^lcj . j-Juj 4 3 U < t, I jcaa. jjLa 4 LujjLyaLfc Lalla.i 4ajjljjJl 

JuULJ . JJuJU alia lit jjL>- <4r- <7 u-4.ii ^-3cj>JI (2)1*3 4 4_lU j 

£_ya 3 jLc 4-4 4a-jJj) jjlaJl 4la.IL 4 4£j_>JI ^j-a 4_JL3 jjVI 3 jJ.1 aL^Iul 

.jjJaJl f. L>)d| Jju (J!sl Jju jj Ijufcj 4 <_j 3L>Jl cyl^- (4 -<Jj-2jJI 


(j^a- A_ 4(jl Jju 4-iSLuISLJ.I 4£.L<_aJl I^_u (^yaljKJl j^Jall a ^ I I Jt^Lfcj 

. ( ^ 0 ' j_Iajl ) . Ja-lj Jju CjI j (jy jre_La 4 j Jj*Jl 3jjjJl jj^£j 

S ft ft ,* 

4jI 3 JJlxII 4 ^ U 'VI f ^yaLiJl jLuVI (jljLn£ J^e -1 aIjlII ^L>uVI LU (j \.JU 

^ya 4^.1ajVt ^JlA ( _ya.t.i 4 jjjIjJ ^SLcj 

I JlA ^llaj . Jl>-IjJI JjlxII CjI 3 ,jljjJI :4laL_44_JI ^JL) (JT LaLj 

, >» 

JJjlII ^. 1.114 1 .jj>.I JJlC. ^j3 i-Luua IjJiC. jJj llaj ( 3 J J^cji 4j.i^aj 4 La 4.Lu.» J ) 

JJjJL »_' 4 jl of :<jLLa . (((Jyt-a^JI JJl£.» ^jLiJI J JjJIj «a JuJI JJlC.» 

u. -* 

4 ^ T JJlC. ‘”1 a JaJl J JlC. I 3Lb ‘. JjvIj Jju I j \ 3j fU.~ Jju T 

(JjIjjjjJI (]y3j • ^ ,VO (JyuajJI jJlc. ‘ * ,AVO ^ jjJI jjlC. <_lU 

LuJI I ( j T a-lmJ La ^UjjJ JjvtI JjlxII CjI j Jlj jJI ^J-uLaTJ 4^J^jtl,I 

« 111 

. T i_j j_4^aJ I 4 _lLjjC » 4JI Jill Lu Lu La-4-uJ \ *\ (JSlLaJ I . 4 JI jJJ 


Vi 




0 


0,5 


1 


f-JuJ I .T_i i— iiatLi «u-s>L>JI 4JI-\_Q ^jLlj ^ujj —M <7iTI 

J^>dl (jtSlG j^>dl <jr^ 


<<i>»I I ljI rt t tta i 

55 * ^ *. * 

Ji_UtJ 1 t-^^i .„\ L>. aJlSj JulxII 4_j.iL>. I 4JIJ 4 _ujI jJij jjVI ^_3-(J 

£jjQ (■ JuJI -il JlC.1 jLuaJ fUJ .3-iJui.l 4 a L iVl J I £jjQ 

•.^LjJI^ jjti ^UJI . ( S V (JSLuJl ) a~t 1 «ia 4.«.la4 (jLe-U JJt jJiLaJj ‘ ^ t _ T I[ * 

t * * 

t L^») ' -i _Ul (J 13 ' 1 ^ -iJmJl ^jjO £ JuJI JJlC. 

jr m jt 

^3j J J iC. '£— t—jj-tiaj t £ JuJI JJX. '£— J JmJI 1 JJt> c_J^j_aj 

.V , 0 jl T jjliU (Jj j mi — «3-iL jJl» ^xxil 4-Ln J^lLaj i 3 Jia-lj 3j-a <3j Lll>.I 

jJllj^luj (_^Ul 3 J rttl, I ^jLuJI £~a ^jL^a ^jiaaLu A_ ljuk 4iaLuj) 

4 J)ji L",1 I 4j.iL-a Ljjl (jl ) .^ 1,1 ii-^JJl J) j jIn" 11 ^.a-iuJ La I JlA . ( 1c. 

(jl VI .rx(1-x) jjlc jaj-Lc.^j^SLta t? j_JI j jic, r< x3 jL jJl 1 (jam 

4jjLaua 3 -sLj jJl £)£uJ tjJjl (JllLa 4 3.' Jj ‘ L» < t . [ g \c s-Lulh-uVI Luuujj 

«aJuJl J JlC. 4_La ^jj_La-a Jl»-!j» JJjJI ^jLuJ . aJuJl JJiC. * , ‘V 

VO 











jWi' » * ^ ^ t * , 1 ^ i—jj-Jd dJJ 4 Juu 1 nlf . * , ) — * , ^ — 1 

. * * 1A j jic. jjSLJ T <_j_Jaj 



(J ~i 3 1.1 ejuJ 11 j^c. I!j_j .^IL ul2* j-J 3 ■ ■ t-*" t ^Lo — W JiLilJ I 

<3^ B 4la 7i \TL Jlal.1 j^>dl A 4la 7 )\TLa 

* (j-u Liajl Jjjj-ajJl JJd ^JL (j! J_jj_ij t 1 j * (j\J a J_jl!I 4_Ui £_3 j 

. 1J * (j-u £_3 j 3 jLjJl 4_a_ta d_al J La (JjuaJL) I _L4> CjjJl». CjLu ^ . 1 j 

(_£ jj 1 i ^ylTu.iirvjJJI j-iAa-JJ LuJ 1 ^_i_u ^_I I 1 V ih 11 A jr^-A ^ (_y * ^ -A1 JiLa-J 

. 3^^-J, I ^Ll2JI ^jjss-la dii j ,^LjJl a Laic. 4aa-xu.i 
)43jj-*-^ 4_>La-VI S<_lhj^eAl ^Iaj JlajJI 4j.}LvVI LUljJ 4 ^^Lc. LaS 
4 Pi ->J A_ jj) l~i I1 4_LaJi_) 3La 1 4^^_>J I 4_l2j 4 _L>o 4_u I JlLi VI t_3jjJiaJI La_i 

^1) l.2-t.tlaj lLJLlA ^1 t4_a>.V 4 la ~>J jjlall 4 A 3 i (jil 4 J_>ij La 
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(JjjVI jl (J7 _uu I J-Aj 4 j.3.4^o..U jLoi-a ujjj^jLJ (JjjV j^ljJll ( _ r a3VI i-LajJl C*>j 
4jI^ (_^l :4_ul JujVI l_3jj.LiU 4-u-uL i. 4 l>. Jj>-^j V ^J j_aj 4 ^j3ll 4 ? JJ> J-lc ^.i.l.ui 
.Lull l ^o. 0 iLuj Laj Ij 4(_ 7 j-uI (JSLuJ 4_ul JujVI 4-xul3 JI '£— jx.'a.uz> jj Lb ^IsLuj V 
. IJ Jaua jlj. 3x4.14 VI 4_JL>- Jj>o 4jj>.l 
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4 _ux>Ljj (_jjL_u_a £— Vjl _Lv^J L^jl . 1 _L>- 4_alx. L^JI 1 (\ts>jy (^^Ull ^jl 

(jl JajCuJ £j\£ LjI ^j>»I (jr L^JLa i^y^lSJ.1 £_LaJaJl ^ya Vju t^jjLuJJ 

. 1 . ..* ^j_u_jJj jj JwQ (_^l 4 <_)Jxe-a J_p»j a yu :4<.i j j ^LtJl {JSLiaJ1 4J ^j^su 

SjLjJI (—ojjju Lxiajl ^£La-U ^_a : 1 U a ) 4_u^LjjJI ^jLsjJI ju J_ix Jl>«j 

(_j>U- j^oiujj . 1 ^j^ _uj-j I (j5C.in.ij Lis ji < 11 a I ^ 1 irpj o_t5ej 

4.1a..3j ^_aVI ^£jL A_ lLILlA jl CjI Jj>-VI J-lu-Lluj BjIuJJI OJJb 

^ * 1 .( 1 ?) «4fs^_>Jl» 4 a JuJl JJx. 4_a-t9 CuL£ La-^..a : 3 -Lev j ^-311 (.n..a (jjl 

41~> 3' 4laxJ j' yaZu-u ' £-Jx.JIa .aJJb Jjl^Ul 4laxj ^- 2 t_) 

idujU 4_vj_>. 4.ax9 SjLjJJI JjUo Juuj icillj Juu .(_£jJvl j.ali.uA 

j5C.uiJ La-J t Oj.a~j.i.uA j-££- LajjJlJ 3jU-L>Jl J-dICxJ.I (jjljjJl 4 Un < £c_JuX3J 

»1—lllui Li ) a JuJl J JX 4_ax9 Cxl^ Llj 4 S.‘» t _ y JI j ^ «" '.^jvI 

jjJ CjI j 4jjj.S 4^jev J-5C-J (jyJU-uJ 4f>je>Jl (jib 4 ( j-jIu-xiI. I ^_xX (jjl^IiJl (.Uj. 1 
i_jLVIj c_iLijJl I n^ CjJlscj (_ 7 jJI (j^HLax-LII 4x.j_aJ?e_a (JSLCjJJ t Y (_£jL_uj 

L _ y ?.Ia.2.) ^ LxxiXj Li) Jil Li J <?" () 4 jij>J I I jut £_4ajjj . L> j U- J-4-231I 

^j-a (J^Lxli '• Ijj>> 4 i (^jIjojJ jjJ CjI j 4 jjj^ (jjl^ ( 4 - 1 ^I 

^yA LI J^\ jljJoil 4 3 jLjjJJ 4 _ll«JI ^_t3 (^yssljj JIJ Jj .jljjVI CjLaxLxiaj 
Liu I jl «05t_) 4 -uJoIjj j-La_) (2>-° I ) I Jjl i ^.»lu (jl (jj4 4 j Jl>- d.Ir) j'i 

.(^JJjtil >—)Lx-xo-JI (JjLxjjJ 4^jJj V J * .r^ll UsjjLo Liijlb 4_aJ (jl ^1*J 
:3jJ,l oJJt (_^j Jj>- 4_x^J 4 Ju Jj>- j_jju I jJsaj 4 4 j_L>J l 4 ajrtll aJJb jjLselu ur^J 
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.4jjjjJl 4_a-uj 
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CjI j lIj L»_L5t_ll, I ijr^S 1 CjL ckkt 1 jya (. a lis~> i>J Jl> i~' 1 it-s" tl i ^ i \ 

. (4-uaj af ... 2^_&Ud ^Jt 4_iJJl aIj_5cILuj! ££_lu (jl VI i J-O-j jj JwQ a^ILi 

: JjjJ.1 ciJLufc j)l J_U .4-us^-»g. 4_u-ol_>- j)jl J_JjJl i~<1 sur 1 ,W\ jjLtlu j)l 

(jl t Lal-a-f- ) 4* A~ya jlj.i V S-iLjjJLl 4-LutJl ^_uij Lxli3^-*-a j^yol^ILsL) 

J^lj3 SjLiVI r^i .(...£][ Yol j! UA j*>. jl Y'Y jl H (j^ 

Jik. V jl°i <■ na tl .4 jJl>. 4_4^ (j-a i_dJju L^j I^ILsI j t^ii^La^ii^l ^_ui]l QjJb 
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Jjjjl CjLklxiaj jM-Lu 4 -lL^TlI.I 4ji>>LjJI 4_p3^a_*Jl jljLjj 

4jlIL) 4j«j ilo j I y 4_aii3 . 4 _l*_j_lLJ I ^.aIj) I^iILj Lkjl ^_t_L*_il_3 Lljj a 
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i—tfllj - St ^ t-» ^ Si ^ t^» °l 4 _Lq £ H I <_ J^iLuS ^lou ^-9 
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.LUjLu j-AljiaJl (jr^J ti—flllaXl 4 _jL$_i £— 4j^_lo^j 3 ^ j 

4jL>Jl (JjiosV! ^9^-a-iJl CJJO.JJ 1 4.fl.ll?e-a ^_»jLL^ 3 L^UxSlj jJsj) 


3 (JlLaJ Ji^-J-Ij-oJ I ^Llflj! . ( 4_a U£ J)j 1 1 (^-~>U L^xS V (_y3Jl 

I jib . ((__>ai_a L>J I (_J.j-o.flJ 1 (^ri.t.i-v^JJl J)j_iL*i"ill ^V-kaVI 

J_La A_ jIa_Ul (_*£Ijuj :4_jjj J 3j_4iLlfl> Ljjo-J 1 1 Jo- V-xxa^ ^ Lull VI 


p 3 /1 .1 ^ ( ,ia ' 4_3j jJoJLi (J<-o.fl.„u p.4- a ^.,,-j jiic^u td r, fc-»" i a 

^j_a Vjl) C-ujv t La 4.1a..>J A_ VLfljjl Jsio. ^Li : ^Lals jj_lL-oJI fljtajj 


tjJjJol 4-U-fl j fljufl (jJJ j> LyJzJUJ 4 _L>i_J 4 ^ 1 IVi 1L) Cjlj-Li-flJl l—JsLjU 
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(^ jjl JJ jJl c h.C [ jJaj j_aVI I _LA 4 i nn . I jo- 4(j^JjJoS daj 3 < n LgjJj 


1 • (_y~ i ‘ i ~>-^UI (jj j 1 <! Li (^oLonJl -i^J-ti .1 Jlill 0 l_j _Li£> 1 I'll 
4 uIlj La (j!_L>.j ii11 (^j_a 4_jl VI 4 jj jJI < ’sir 1 ,>T<t ^jj>.\ CjVL>- Ju-oj 

j. a^ n 4 I^i ~>vJ (J yj Lj 4 ^- 1 ^ i <s ~\\I ^l j_fljl Jj^Jj :(^yjJoj-flJI (_^Jl (jLflUjVI 


Cjj_>jj (Jita £Lj_ui]I aLa-l^. .4_aiaIl_La jy£- 3^-uj-i Cjlj^aiJl L^_j3 

j.Iaflj (_^ jjl jj_u_<-oU £j\£ (JjLjjjj £ya (JjI ^$-ujL*_aj Robert Shaw^i 

jbl (^1 4_aiaILlil j_lC. 3j_ujJI J^ju (J_A : ( _ y i>>j-flJlj 4^^Lc (_^l a La 
£_)UaJl ( j T lc. L^jl ^1 4 ( .. .^cJl s 4_ulj_A CjIjLu 4CjljljJufcl) 4 _cvjL>- 











4_3_ijJo ^ -La-" i <i' t (JIj-i.uJI I JJh 4_i U. jU S3j_&l_laJl £Jl^J (JJj-tlajjiJ I 

jj_a U>l_kj| La 4_j£!_caLu jJ (J < \.(.".i.j (J^ILseJU <_i j>L>J! JuJuselu ^c-g < .n 

. t j | nJ > I i " '1 i i> < a 

:Cjljia.3Jl (JlieTu (_ 7 3jll 4_JlluJj 4_u-ajJl CjVLseJ.! Vjl (J^e-^-u-U 
JJlC. J£J 4 (^IjjJL 3jjJLa 4_LLajJl JJlU) jIjlC.1 4_J LlLo (JT i^. i_iU.1l) 

(jVI 3_jl J_l1 \ ^<l3jJI (jj£u CaJU 4 JjL»-a i_u3j3 1 ^ < a 

4_JlHILa ^ylc I Jl^j J 4^>..?ej .. V 4 Y 4 ^ jj-a ... 4 i V 4 T _i <LjJLuJ.I ^_i3j3 

<j_a Vja j-U-Uj-gj JlcVI <L>-ljL) I J_L?e_a 4_ilg_*-II OJJb a Jj LlISLo-ij 4<t>.l j_a 

i^^.u.u 11 lLs 13 tl I (j_a *L) i—4j ^—4.41^ i—(.» 1 njj (jj^iJ Li A j^a . 3 _L>-1 ^ 4_uj_a 

«LjJLui,l <4- Ji_ul jjl j_a 4.1a 3..i JjL) ^UJl (jr 3^'^l ^l _l>-VI 03^ Q-i^t-i 

<L».ljJ,l 4 _JLdII <4- -!£■ (Jjl (j^Suj 4«4 j 3j3ajl» 

.i-iLJljj I jiLkj t (4.13.^3->J 1 4_JLuJU 4 _ jjijtil (_^l) 3 Jl>. Ij 4_uj_gj 

:jLuI 4j jLUl a l is-\ 43 J I <4- ^LSJUI (j_a 4_i Lt_uj (jjjfLj Ljajl tVi , ■■' LIXJ 

4 f 1 l")J 4 3 _L>- lj 4_uj-g_) 4^-ljJ.I 4_»JLlIli Ij 4_jJLuL>Jl <LjJLdJJ _Lst" 1 <■' ^ 3*\j 
->Lul (_^3 gl i^i°i c__)Lfc jjl (j_a I JuJtl cit-p> ^j_a £jLa . jtLujjw «L>»I jj.1 

.^lSjjuq ill (i-v OJ^tJ La IjjLj I Jufc (jlfj j)l « 4 V (j_a ji£l 
Lg. t £ 4_i^lJ>jv jJ-u jS (jylll 0 J-±> j)j^£iiLll (jjjLgj Lh° J l a-U 

t_£l ) d_ojlj jJl _Ll 3 jl <LjJl3ILa CjjJj 4_^_j-oLIj jJLJ I 31^ :^_ ;r L 

4 (J.u ts-> 1 _jjU- (LULca 4_ j^_i_L^aJl j J Liu (jyliJl CjIj_Ls_ 3JI 4-iS-taLijJ 

5j^, (...jl) V LaJJ jl 4 - L * - p ' »L>»3]' <4 -uLdL 3_JJI 4_)Lrtj_u ^yla.alLi.xiii 

ci.4-p» .jjy.-~.tl jLla 4 t- LaLa-) 1-LAj .<_j3L>JI I Jl^J fiU_Uj-33 

( j5v..<"jj 4_il^c_<_uJl ^ujjj 3 :^Lul 4 j yu ^3 A- ^ i (jl (_ 3 JlLu 

(JjLlLs) LujdC Li 3Lv 4(3 j I jl 4 3jl_Luo (J^Ljj ct-^ cr-*- 26 -^ 3 1 (_ 7 -uj^3 

. ( l3.->-V ^ 311 | jjt 

LlA I J_u (jjfc_I^ *i3^ x- ° LaLa -1 c 3.l"i.3e-a J_$_cu-a ^aLal (jVI Luj 

a! l^i (II ^_a JUJI La^) 4_ajl*_a «LujjLuiVI L^jV^L*_a 4jSL_aLiu Ju 








Ls^btajl . (^1,,,-v^lJI l-i*i 11 (jL>» L<i^ ) 4 _u^>Ljj dJL-u-a jl 4 (^.i.aa./ii.ll 

jf jf 

4_^_uq1_uJ 4_<a->- Lj (JjIj ‘.^yJLlJl ,J'^-(.iJI £-^_LaJ 4 4_j_u^>o diLi^A-a £y o 

.3 3-LeiI 4-ala.jVI 4_coljJ 4- ^jLuj 4JLi-uJ,I 4_)jbLa 4- c_jjJLuVI I JJt 
3^jfellaJl 4-^-uaLu 3 4- 4 j^j1j^j>. 4 j i.-i 1_>- i_3biuli£l J_Ll 1_>-Laj J_3j 

Jo-lj yjJCtA (JjjSC-cuJJ (jjjLtS ^j-0 l^^.lajl ( C_J 3 L>. J^».J) 4_tuljjJI J_t3 
aLU CjI jia.3 CjLajjI . (^GjJIZLq iyGjlaA <j-u (Ju-^LaJl (^y-LajJl (jLseJd) 

(—dLaib .3 jl 3 ji^ hydrodynamique 4 _uU-uj 3^JsljJI 4- 

JjC-Lij (jl Joj 4^j-ajJl 4_lVjj 3j_La_3Jl *■ 3<--vi 4jl_*IL_uVI 

(JbLo t _ 7 b- ^-^LlaVI 4 _loIjjJI <?jj5_4jL3Jl j^L^i 4 cj'^-laTlII 

4 (^j>.IjJ,I 4 _ojL£ £- J. Crutchfield jL 3 <"i" .^Lv. 

£yA .yjJuja (J^-J 4_J bill ^)j3tl £__ 4 3^)-4> LloJ' QjJb y±uj 4_uLj^ £— ^ \ ?r."(7l 

CjI^-jJlLo 1_£j \£>j _L>- I^JI 4_jJ bit I ^1 j 3l 1 4_>J L*_a I jj) l Ia 

. 4_jJLi^.'^I 4-^-uq Lu jJ' 3 jLlI £yc LLiSbu 4 4 \ 3" 1.1 a 

^ 1 hi" 'I ‘.^^yibJl Jlj^ull _L3 LS ‘^->*1 Jj* <<-i 

4jLtxu 4 cill j_aVI tjlb S4 _c>»jL>. CjLl^.bi>>l ^1 3 ^-aIIoJI oJJb 

. LuljLoC. Ml jJj I j_L4_4 ^j-I 1 & b. Lu J_>u i _ 7 lll JaLSJJl 

4_LabJl 4-t^-i-aLu jJI J^ju I JlA tv. 'VI ^ JlC. jjL) (JT >.^J U ^Clu ^oujjJ 

^jjl 11 jJ-oLaJI (_)ia ju (_L^-I ^_^lll 4 3^-AlIaJl 4_ 

. (jj-u-t^aJl ^3^) 3-lbjJl JJJtJ ^J-3 j 


4jI^C ^L3 4 I*Id >t jl5»!..(~uV' Jl^J br»-Vb-a Jju 

Jjl_jjl 4 4_j^>. jLtpjl ^JLc. 4- (^bj^udl »L^b c_uU L) - * 3 ) 

.iLii (^jJI j-<a> (^bj_udl jLL s-^W- o- 4 ) Edward Lorenz _yjjy 

£ya yJt 4jjISLjI^J tl)3^ Ij-loJ 4-31 uuiil ^Lc.! 4Jil J(j_3j ) ^laj-fljl t—3l uuill 







(jLiail j_<Ij Jj9j . ( J_uu JuLo (JLjcJ, I I JJt A- 4 g ,,„L>JI iljljla.>Jl LLsi*. 

J* 

J Luaj VI 4. i^-~i 4Jbt-o ^ ^ "l X A_ 4_3tj llij 4o£ ^jJLll jJ I 

e. .. J * 

^-lc 4 i < II / IL) *;Ijjj L^Ll4_aI ciJjJj (jl (J^3 Cj'j./.<... t". <>> aj t 4 jjj>JI 
. Laj^g. f. Lj j-J.3-?' ^clc 4 U.ibtL) jl 4-J^J>Jl jL^ajVI 

t- JI 

:4_jS_col_ujJI 4 jjj>JI jLjsjVI ^l*-i >—3 jJU La 4 _*_oIjJ_i ^jib jjjjJ 

^LlluLuj^II .* 1 \ j 1 1 1 ^ y*A-J I ^ a 4 i it j \ ^ ^ a si t i j i * n a \ 

jjjjJ ^jL^j . ( 4 jjI j_>Jl LSi-uaLb jJlj £jljil LSLj-aLbj CjVjL*_o 4JlLa3JJj) 
^jj-aJJJ 4 jjLSj« (JjJLv jLsejV 4jladl 4_i3 l_4_s 1 «<j L>- jj-a-i jjia J-9 

Lw 4<aflj c%J! £— 1 L>J! iJT ic.) (^jjulII <_jLojj>JI 41—i<1 jj 

4_uLj j_uail JjLoII (. 3-^j^a JCtToJ ( _ 7 jl1j V CLup tj 4 jL a.Cl' 4_i£ 

^MAil 4_txjljJ ^jj-a-ijl JLul _iaj .4 jj_>JI 1 

i^£Lui\ £jja (jl /«\i« /t 1 mIj . 1 t-s. ^jl ~v- 5U,..yfl ^j>»j' 

4_u L j_uLl I CjIjjJuJJ ^_ya V_L)J .CjLi 1 j. la .Jo I CjJ^tJ t4Jl_>Jl OJJt (JlLa A_ 
4_1V Jj . .£eJl t £-LjJl 4 j£.j_cu tJra bi-iJl) ^ 3 j 3 ~>J 1 (_£j_>Jl i_a^LiJl A_ 
(jl£j .^j-ojJl 4_lVjj 3-ljJt/J jjjliLa 4 j>Ij Jjjj < ((j-ajJlj »l3.J' 
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c_jj_l^L>JI 4-j.Lc. jjlaJl jL.u.a (jl t t-i-vV tjL^j>Jl 

. (3-11 ( nil jL,i11 y-£- ^-l^> 1 $ J<LuJ _L*J_U 3 
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JSLluJ ^Lu tC jLjLljJI «l_<Jj_3j LLaik.)) f^>-LUl 4_ul <^_ 

^ ' ** 

J^LoJ ^ 3*\j I^J i_^j_j^jLjJ ^j-oj L)^J ’Lh 0 ^^ 

.4x.j_cuJ! ^JLu _Xj_L>JIj ^-i.lUI 

«^3L*Jl ^Jl31I 4-i^j^qVI 4_L3LAa»Jl)) 3-*^^ 3°^ i ) ^VY ^r 

^Li». :>.tl"J' 4_jl) 1-'-^' 

(jIu-oL^Jl (jy i^- 4_)^_iuJl ^yA LlA _L) V A_ jL^ll CjI _L>.I (JjjljjJI 

* * t. » 

t!a.3J _L>"3^ L 0 1 14^jla 3)-* L)^ C 4 ^ 1 JtA (jl 

^ j» i/-> 1_jl^lajJal 1 3 *i 1 nVl ^7- 

(_^Jl>.I s (Jj-C. 3)-° 4 jjSL>JI 3>-° (J-tL-tte 4-Lfl 1_LL>3 IjlSI CjJlSCJ 

.W[ (3^-^lii j-ulcj ' <_<_tujj oLI 

Juu (Jji :3JVj CjI i 4 jlI ^1 4Jl_3j« £ J-»J1 J-Lq j_)j^J Jl£ij 

Oyjjuu^i] I dlL) 1 j 1^ i^V L) ya.x£ Lo I i I ^ rt~l i n d ^ J t~ ^^_>J I i__3 ^1_3 lJ I tiJ^-Li.u 






V!^ I }<LjLi5 j-ljjJ Jl^uJl I _L4i £jC. 4_>L».V! J Jjljj S 4 * l ull 

^JlC 4JU JO^i i ~‘-Jr‘ M ' (jyic. CjLi Loj_>J I 4jj_>u <jl 

4_j_uj_3liJ! 4_t_uJl A_ (^^j-oLuj Jjjl^-aJ! OJJb t Jjjl J^xj . ^-*-3 j!^ 3" 1 nVI 
^j-oj — 4 j^_>JI jLuojVl CjliaLSe-a LkJu-ojj ( jy I<J! dJJj _ i—S^Liil 
t ( 4 _>Lxl^xj J£ ) Oj jt i^i\\ (Jijj_dJl La! t^La! ^ j^e-u 

{_y 1 4j! La£ (jy Ic. CjLiLoJL) (jjjLflJ (_£ jJ! i—Sjj^jLjJ £_a ( _ 7 -oLuj£ 

jjJTluj t 4 j LaSLI I 4_ji3 La-i (_^_a Luj Cy^>- t 4_3_t9 jJ I 4 _u_lJ I Jjj^_3J ! tj ^ I 

(j^l CnjL) CjL)L>»! Lufc CjJjjI .LflJ . 4 -ljj jJsIiJ 1 «Lu_lII (jy l£. t—flllal.! 4 jL$j A_ 
4-L^LaJ 1 4^LJJ (_ t 1xju L$_iV (Ltiaj! LkjjL>iJ ^_i LaJJj) «UjA3 

(j-uj (••• 4i_3jj^jLjJ ^j-aj tjlj-alx,uVI ^JlC.) 4-u.^LjJI ^ufcLdll (j-u 
1 gj4 ci-cJe-U <-1 L!lJ 1 A. t j rt •" «L>.j J A_ 4_i j Li-u-a 4 _ul£i' j CjVL>- A_ ' ^ ^ j j 

.4_^>J! jL^jVI ^lc. 

l_ 3^L*J1 4-^-uaLu jJ I £_>LLaJl q\* S^_J! ,jL>Jl ^-tt> La 

JjLs! ^<u^5j (j7 1c Liaj! l^Lul 4_a3 (jl La^ . ^Lc. (jSLtTuJ Vj_l 2_a CjLj 
♦ 111 ' L 7 ~‘~ > " La A_ ^_lxHJI 4_lL Lb ^_a L^-' 4 ^ 0 “* L> " 

l^a La! ^,<,^>. 4 ! Jlscj jl*u LLa 4JL.nl, 

Jlaj! 1 _iLajJI Lulxh^j .^L! 4 mi a4j>Lj 4 _La! jJ! CjLl3$IJ! 

^lc j jJu t j j-<rJ I 4_lL a I jj :4^jj.LiJ! ^-xjjlLi Jj idJJ j ^j-a 

^jLi^ajvV! l^"i iVLi 4_*_a^>- 1.11 Lu! V! s 1 LaLa-» I ^j_?eJ.! (_iL^5tUj! 

Ja.i.ti^ILa :^jL^i..'>-V! ^LlaHj^l ^jllLa) I jjljui,! <^_ JJh l,i"ui,I 

£— Bourgogne 4 BI-i \a ajLsJI j ^ ~n A_ 4 ^>-j j 

J 111 I I JlA • ( ^_j_a_i_u_i J j. £ i <i aSLu-u La-a ^Jlc. ! _Li£” LlJ Li L_u_' j>J3 

. L>-tIa (j^- 1 3 !<■'! cA-i ^a->JI 4_5 _i^Ld ^^t-i (_ 7 -aj ...t| LJ1 

- * jt * t 

(jl£ I j! La 4^jjlaj ^.l.iu (^J^ C-JLv L^-i! J J_u V 4jL.i±a lLILlA 

tt_dJj£ j-aV! (jl£ ^j! .Ijl>- ^ J-if- -*-*■} 3^ L r 1 - i W" ^5^^ 4_t^_La LujJJ 

.3 JuuLa i U j i ii n 4^vj! 4aS-La Lu jJ 1 OJl^J ^j-Jo^aJ! ^-illaJ! ^l-lLllu^ 







' lla.j.41. il' (^1 CjVjL*Jj (_ y lc. (J^lX. (_yjl JjLxl 

tCjVjLtI.1 OJu^I (JjJL». (_yj! (Jj-ajJ _x2l£ .(J^js-JI L_3^LiJl 4-tfLuaLujJ j-£-& 
(jlj-ui A_ Jjlj LuL) AJ^aJl Ijjfc A_ j-pJuJl j_L?kj .j^ia CjljL.<ifl 
4 _juj'^I ■ -^» A11 A_ 4_ix. OJ_L>JL) 1 > ,>s*~ »■■' ^jJl L$JI i_iLj_»Li]l 

v i ‘.SlJljJJ 4 <;l^ i^U ^X.VI <_iLj-5tll I ^..lx. A_ (jVI ^j^e_s L^jlj 

diLul Ju>-Li 4 .sLajI V_j j-A Cj^LUI JjjjJ CjVjL*ji (jllLa A_ jjJaJl 

.^y-ajJI 4JVju x.y.z Lla-lx. I l^jjLa jj.laJl jLt^ oj^dS ♦x.y.z 
4 l^~vV 4(y_ajJI 4j^-^-> ‘ ^LLa x 4 LuLu olj-JuI' ^jla ^ ji>.l (JjILajj 
,J^>. X ^j*-jLjj : 4 _ ? _!Lj La£ j- uu J.1 I Jl^J ( jr lajJI jj Lilli (J_lL>u £)£-4J 4-jl j-ijjX 

4 * Lw * a ( J^ ■"■ \ I 4jLi4jJ I ^ I < 1 4_L4 1 >**< a d • , ,i\ t A. d I 14 fl d ^ id 

4^jjJaJL}j ‘.4_ual_LLa 4_*_4 jjj B 4-a^ (Jjj>> i—J Ili-LlILi X I J_ljj .(JLjjjI CjJl5sj 


4 A J|^>- (_£-XU jjLseJU ii4 4 Lianna B <—J Jlj JuJl j* ■ (j^>- ‘ 1 ^ ■ »* ' 

CjLjj jJl jljx.1.3 :4-al tV< 'I ^ JX. j-A i_iI^£LJU I JLA (j*oljj>. jjjl (j[ • ^ ^Aj 
K ^.^4 d t-<j ,„ i 3 JX. lii £_jjj Vj 4 jj Lj j -±£- B j A (Jy>. 4 _JLjjJU 


£jC. 3 jQieJ,l -iljxVI 4 _jJlZLa 4 JI Jx VI y_a 4 _ul j 3,,r- 4 _jJLiILa 
jLloJ ^Lila • 1 j < »■ ■" fj is~i°i\ . 4 _L 4 jjLLo 4 _Jl i 3^3 4 x^ 3 Jl 

4lj>L?e_o Ju>«J .(B A _L>.I :414JlII (_ 7 -Aj-> 4jJbi 


4 o lo '^1 4_4 jjIjJ i^jJ Lll9jLl< 3 J..,.,,, 3^_<iLLi 4 4-dAx^a 


4jI (jr x*_<u 4 4_u^IL>JLj ^-4-4i3j CjV^Lla CldMiJl ^ 3 jjj^J ^[I^.j (jl^ : 4-upiLua L^J I 
V 4 j^ 4 X.y.Z 4_ujla 4_uI_lL)I ^j3l _L>-lj (J^. (J^ui V 


(^Jjlj 4 <jU j (JT^- X.y.z J ^-A-A .Ajwlj j^Iaj 


. 4x. j_ 3J I (J-4.aIL.4jj (>jv l_A J_>0 (_pil I udJ^ 4 4 jj Ij-jix I jj Ls~ 11 | j_A 

oj it <14?1 (j>^-4J iB j A llIjSLU I jjii jjj-saj Lj-iajl 

J_ix l_Li£j La I jl ^LaT< A^U SjIjI (J^Lli 4^-3j.j.4i.a ^_jX ^a-i^syxS 





( j y lc. jjjjJ 4-jfLj-aLxj jJl (_gjIn n 3l^ t L$jI 3 jjlaJl diljLima 

CjI 3 daiL) £jAr*»a (J7 ic. jLoj-a Ja >»jj 4 4_JL5jjI 4_L>-j_a jjj_a • c_J 3 Lv 

jj_la_La (l)- 1 ®) . aLiiaill -ibul -}.!£. (j_a (Jjsl -iLul -}JlC (_gl 4 (jjJdu 
(j-u*. £ 3 ^* 1 -! 4^tlu Lgjl (_gl c_i3L>Jl ^l 4-u.u.IILi ■ t-3 a 4 _jjjL5j oljLJ.1 aJJt 

L7 lajJl Jjt ts^W u^-C. 3j_)L*JI 4JL».jJJ (jl Ml^ 4 4jL gj MLa (^M (j^ajJl 4^tILj 

j> 

^ ■ "A <j . ( Jl_l>. c_4jj-alu 4 _j jUJ I cill 3 Juu jLuJtl (jj£jj 4 3 jJU Oj-u^k 

01 sJ! ill* 

jj£ it I ciJjSLtl Jl*jj 4 4il jJ2) (_y>-LlatJ (jljj^j La 4.uu 1 j-\ <_j3L>JI 

cilJj (J-LLa-) LJJjU. I3lj .(ju^ill (j \j c-jLIj c-jLajJ LiLlla-a ^M-^-l 

(j L: J, t.afl 4 (J_j_l3J I I JJt (j_a <_£]j 1 1 u 4j J L*j I 4 j Mil I (_g j a I I ^L_ ( ^ ;f _L 2 e_La-J 
^JsljJl A_j_A !_LA (jl (jinit Ml i_4^5cj 3l^ :j_aMI 4 _ijjl 4-£3 ciJjjj La 

4^UI 4_lL>Jl £— Lai) .Ijjl 4 1 44j) ^In<n Ml (j_a 4 jjia jLui-a 

jjls (_gjLi.ua <_^lc (Ji-^/^j 4 Lul J3jl L^jli (_ y Ire_xJ.I ^JoLaj 4la^J jLuiLij 
♦ (4 j,^LjJI 4-uaToJI Liu La I JufcJ 4 4laa dl (j_a j-i 3" 1 1 a 

La-jl^ 4 l.J 0 .lj IjLma M 4_J jUJl (jl Lt-alr, 131 4_ij*i^-» j-aMI jljjj 

(jl 4jj-sn-aaJl 0 JJt • ( Liil jj£ ill <—oj-allLi ) CjIjLuJJ jfi (J^cj 

4 -i Lu I 4 j Mil I (_g 3 a 1 i«nrt 11 £— (jj Juu Cj I 3 4jjjj_a 4^. 1 1 u a ( _yxi_J » 1 3 L>J I 

•(5bjMI (j-a 4 >L(ILa M JJlC. (_gj U n (3i>° L )^^ 1 ^ Lj qj (_gjj>-MI (jl (Jj 
4 43-1-3 (_Jl4^j i_L^ cl^J ‘‘-t ) Li£JI jji Cy^ Ij>-a (_ylc (Jlia ■ t»...J jjl 

. I^ «1 < 4B V«<■ t, I (_gj l.." 1 " Cj 1 * >■ A,^h CjI 3 j 3t-s i.,,i ^^ a ;4_La S>ij ■"< I ^tA. << 

jj3jI£ 4r.j_a^?c_a ^amJ La jjij 4 ' J j 3 t~i j-^l j-)JJ-J * 1 3 L>- 4_seJj_to (j^J 

aJuJI £j-l1I I3lA jj-a 4 ^j_a^a l_3jjj» 3 i^lLab .ensemble de Cantor 

jjfcj) i lo 1 iijMI oiill i__3juaij 4 cl)M3' V ^1^ L^-a- 4 .i3 i 1 ii a 4».La..n.i 

(j^i (_J^ (jy^- l#*« 4 a.) 4-J-a-»Jl Jj ^-1 .(L^ljJol (jj4 l^.*Sjuej 4 4*.la.4 

l-Ijl sL gl 4 1 jj*. ^aJLfcj 4(_,U nijJI 3 • U. A tl l_ 3 j^aLi Lul sL gl :(j^j3 utl (jitilll 

.jjjjL^ <Lcj_aj^a_i l_3jjij La j_ 4 i A iA t, I 5 cjI^J,I j^a LubLia M IjJlC. ciJJ 3 

(jjSL (jl JSMI J^jI <_y-&LJ ‘ jj jj-I c_i3U» «(_glj» ^gjLaJI (jj^j M L^jj 

^ A 







(_ T J-u _U-$J! 3 J-3.>.a 4_p_) J 3 ( _ 7 _JaLj 4 jI pj.sl Jib 

Jl*_JI ^Jl ^ar.UI ^Pl-u-i i l3.g.f. P^l (J^LuLd 4dt<ap ) .pjLdl 

Benoit jjJjdLa Ip^j 4a.pa ^jJI dimension fractale ^j.nCdl 
(Ruelle) ^pbl ^3Lpl' d* Jia jjjatdj (.Mandelbrot 

.t—upLJI <_i3Ladl ^.£.a.A (Takens) pifiL j 


I jib .4_i ULLAjI pi Jpai pdJl jj-Lu-saJl pi 3jj-*dl LlA ^JpU p_a 

*UI pL^a. J J_U .^Ul p_a p qj, i,n ^ jLj-i-u JpLs I i^pl jjdLl pVI ^LlScHS 
pLa. jLu p pLdaj^ 4JU <tl ppj VI daj_tluj dl pL^p LjLk 

I I ^ Lq_l 3 ^j I pd Li a Ll. I da^_ta. p^_>u 11 j Ip I p ^L i nl I (J La. isL.) i—bj La. 

1 4 g j 3" i n a 4_uli Idapaa- Lu Ip 1 1 _ uui l_La ppLo 4da_u> p 1 ^“jl a. i I i«L" ... I pa 

. ( _ 7 Ja- 3.i^a (Jpjdl pi dt-Lta- pLaj .aldat-iVI 4Llf) 
cdsV Jpao CjJl^j t La 4-Iaad <p . I (JfsLoiJ jj) i i i 11 ^f~ini ^jVI ^ 3 it 
A_ . Li j la i^*> aj 1^-uLLa mi _dtluj p J Ip I 4_*_i Ida a Id. I (J-u_u J_3p :padd 
pl # plp^ tCjLoljjJl PLc. pLjadl p^a £pJl I 3 • L» *J ‘P»La pLa- 

. i_i^ la i^~i a p L^ad I 

pl£ LcJJJ i Jju (J->o p pdl a LppJl pLiaq p-a c-ilpa^JaVI (jljLo 

4-xblju-a (jLad (J_l 3 p_a cd ju pdl 4djlpl -^.^pI p_a ^_c.pl pLc. < pa jbl 
L*jlda JJ_u La pLc. Paao S^jfclda ^^3 .CjLdaLpI^ aLp_pl tLode. p_a 
pip I pLja. Lp ^padeJ p<Jl 4 _uLo-1j jdl CjVjLta pi pva. £— 4 p'j i^r 
jjdV c_np a Lapp I p Ll £plal jbj *pda_i La t i , n-v ( _ 7 ^IL>. pi Ida CjI j 

ajpl ^pbl e.up- t c_ilp^JaVI 4jp^il I-u-a IUi Lev Landau 

4j jj j p Ltd I <P ^paj 4 La 4_la_>J <P . 4Hc.^_to 3 J L j p ^-a-,.3 ^ 11 p L^ad Li 
4 j dl j jj^pa d<ir>- jLL.ti 1 3 -i Lp I p. 4^.^-td I CL>^..a~u n I I j I . J J.at_a J -p-*- 1 




•.(Jljjj,! I JuA {jjl C.J 4_l jj jjl J J>j3 t -(..1..J LllO ^_1jC U 

1 4x.j...i.u.ll j_plb j_pl 4_>jl_3lLo ^_l3 d 3 " I ^ya 3 JjJjv CjL) Jj 3 j k»“ . ■■<* 

t4jjJa_IJl J J-& 3^3 ♦ 1 ^ £_o 4 _u-uLlLq j-±£- CjL Jj jJl CjI JJjj (jr 2-u^ 

t I Jjfc jj_u Jj2ij . .Lp.jjJ' 4 jjI_3ILo 4jjjJ 4_uIi 4Sjjv (j31 i_il ^pajJaVI 

4_oj j J_u tCjL jjj 1 jl V CjjJjv (JLj- :4i_oJ=e-o < 2 — 4JLij <JjV p o ill 

V I JJlC.) Ijjj£ CjL Jj jJl JJlC. CX^-J t>_jlj.Ia<>>Vl 4jLv (jLdlijI 

.4JLolfs t_jlj.Ia.Jal 4]LstJ 4 ..il"j1 j_oVI ( L j-laJ LukLu-o 

i^jjuaJLi cda. jis <_jlj_LaJaVI 4]L.u/3 j£jJ.I (l)-* 3 (j-“p JlJJ 

jjLu^ cjLcj! ^jLuj Rene Thom 4_t_uj i^-3 Cj- a 3 1 ^ ^ * ^*Ll 
d Lu l luio Lj] I Lu Lj j_uiJ I ^pa 1 cjLpaLjJI oLoAc. £ya Iq.aj-uij Smale 
4 jjI_1o Floris Takens j_LpL David Ruelle Jj$j j-uLj 

tjLu-oL 3jJi_i-o 3j_&Lla t-jljta <>>V1 jjl ^Ic Vjl lj£l J-ii£ .4. j.l"tcc-o 

V 4j1j t^jLi.i,<!->«]' A_ 4 jj_Ajj>JI 4 3-p ->J' <?J_A jJ-Lj J JjV (jl j-i o.ii.ia o 

4jjiaj daj^j l_o£ .4 jjjJ 4-ij.u Cjlfijj*- 4 -o Ll 4 j ) JJ_l 1,I Alla.il] 
oLolc. dp® Jj>- ^L*JI jj£. t^pl mtnVI ^JaLjJl L^julla <2— j JjV 

^ j]l ) Lo J Jl»_o ( _pLxol_u J ^Lla.) £_Jaiw I jl 4jl ^^Pjlaj tCjLpaLjJl 
CjI j 4 -iSLuoLu j]1 4-o.lajVl tjjj^ ^.njj (^.JaLj C LL (jl 

dj-5j . LoLo-i 4jail3e-o CjI j ^IjL^-O 03^ ^ jJl c ojjjuJI 

. L^_»_u j 3" i .■ o j-±£. jjjV ^UjjJ (j! 4Jl_>Jl <5 J-A LxJajI 
t_^jJ ( _pa'pic.' V :4jjij j jJjl CjJ^j .jJljV jjjI-Llui !-i_L?e-o djLu-j] 

4_uHj 4*^1 .-^."4 4j jj j Cj_L>o ^<u . dJJ li (J7 ii2. Jjjj 

Oj-Lv 4-Ia.cr.r4 t L^_u_i j-oli-x.o ^.i-opl I JJt LlA LU, L: .4_jjjJ 

4jjjJ 4_uIi 4£j^>- ^)-o l — , “ Jt3e3 ‘ 3 j .i » OjL^ Lq^o diL'^-Ia./ial 

‘.4jI J_lII ^P-o-p *h> inj (_Lt£^ 4 Tlq_P _Lp-j 4 j jj j 

^jJ c^Jjjlo ^£a.A (jJL llJu' d^^-dL Lo 

Up3 :<QjLjl 4 j jj jJl ^_o ^_3 j ^.la^-VI CjJu>JI (]d J_u --Luu J_ol J-Lo 





:c a. Luo ^1 ^l t^j£uu V <_) j Lv jj ^l I CjL)'j. 1 o.i.oVI 

4 jvjI (_$jt~i n t—jlj-LuioVI 4Jli.ia (J>. j Jjjj £Jli ^cJ 

^cJ la.^1 4.C. (jl ^Jl CjI jJLj l a. A llLaJ Ju9j .SJljJuC. 4.d.l"r?c-o 

JJijjU LoAJl^j (jl VI t^jill £jUI d£jJ>- CjVjLlI 4^-uj)a IXI (_^<£>l^>Jl 

U£ .j±£ j_uL I j (jl^ (jLujl^Jl 2— 4_u^Jl1I < l jl^>Jl Jui-Li 1 q^-vl^JI^I^ 

(j-Uj^lj (j*~ <ljU ...I !j \J ^_jU, 4_i^t-i ,>|I.I 4fij_dJ 4 CjL-uLc 3 C/-uar>.± 
. (j-aj-SLj~ gJjjj ^_luJ (j-a LuL>. CtTi-ulj jjjV 


^ a />■»!, I I _A_A (j_a 4la I oj LseJI £— I Jj9 

L7 ?t.i..i-^.jl!' (jjjtVitl (jl .((^Jo^iiil» (jl^_L£. Cc>u (—a-Lt^ai.' ^^ais^jaJlj ^isl^Jl 


4 III 1 1 1 ^ 1 ^ Ls t 1 ^ 


ujj La-sl^ tLuiaLjj Lul£ iLa.afi 


.3 JjJi^tJ.1 4_u! jJlII jjl <^->1,1 CjI j Cjjjl^-pJl (j_a filC.j_a45e-4 jjlaj JiLa 
(J-LLt" i_^-£- ‘_<l3jl CjL>Jq-i j) 4_uLo-VI 4fs^>_>Jl 4^v.jl ^y^uu (_£J_tj La^ 


,4j^_toj^Jl cAa^.l' (j^aju 3.}Ji^e-a <4- (Jl^l 

£_) LL> Cj | j jJh I f. Lut-iSLI I j f. Lj j.j a 11 i_ij L>iJ (j-a Jj Jud I CtTi-iJ I Jl9j 

(jj-JJl) CjLjj.i^a..iJl j CiLujj-saJl :4jJLlII CjVL?cJII '£— 4 '-^L=cjJ t 

3 

CjIj jjl f. Lj j_t3j f. Lj Ij 4 A idJI jljJLl alj j_ti5j 4_u Li-a.t£J I Cj V-£.l 3" II j 

^_p-VI (jLsJ.1 I _LA ^,„>KJI djjjelLlI ^JLJ Vj .Cjljjj->Jlj 
i si ^1 j_u .^SLII ISLulSLus jjj 1 <^4 : ( _ 7 jjj^j jjj li 
dJ j . 4 J g^VI j 4JVjJl £ys 1^ I j jJs ^jLo-VI £ya j-uSJl A- 11 
(jl (Jj-SJl Jj_l La I _LAj 14j^3jdl La (J^Llu <_JiAiej 4_tdJl jLiVI (jl 

14 _t^v. m i„ii V-^-l I a Ljj j a I' £yA 4_uaIL>. ^ii^l ^SUI a Lj^-j-3 






1 I 1 I 1 I I 


jiolqjh 


lllj »L j-LdJl ^JjLj £jjQ 3 JjJjV 4. .4.3 >■ 


4_ujJl1I CjLu; 

4_Jj l]$ J 5 L 23 .I » 4jI^-A£- Clt5e_i i ^ ^A”\ ^fclc. ^zr • c^JLLdJt L^-Llu Vj l l^_La 

» * * 

£j'jJ,l IS-usLuJ j-x -uv i((^^J j^-lIII liAjj^tlJl ^..lc. £— l^ 3 »|_« 4_i j_3J,l 

^Lu Laplace u^MjV ^1 Sir James Lighthill Jj^IjV 

4. x <iaL»J' 4_aLajVL 4_cI jJI ^j_uJl 4 _JjI_3j ^LaJI jl3.1c.VI ^_tluj A_^-l.^ (JSLtuJ 
Jo^IjV <_3_u Jajj .^.ulSLJ.1 4_j-albej t^3-l — lA^H 

4_uj U^. £)' 4 3 i3.-v ' _Lj 3 . Liljjj 4 <_lL^ 5 elJl ^lc. ^1^03- ^seJo i Lul 

4_Jj jJLt_a £— ^$11*3. ^y_u^_uJl ^Jl*J 4_*jI^JI CjL>-Lx_(JJ Ll£ V-*-"' 

4 \ ^~l * (J-lS 4ja- i •*■■ ts~> 4-alc. 4.3. i<m ,' l_AJuJU Lt^ CjLc_lcjuj ^Ll3J1 ^_^-1c. ^j_uJI 

* Ji 

LlaLl 3J Li3- jl Julc.1 ^_) Jl3j £— 4 lC.^J . 4-llo !_>. L^jLi J_3j LlL) LlKJj 

4_qLuVI 4_j^1re_i jlSLsI y. uj-ls LLaJxJl £_LLaJ,l JC) g a r>J' 3J1 alu-u L 
«. * aLc. ~^- XJ L^-*3a3-J £jjQ Jj V (jl£ 4 4£j-5tll Lf'- S ^ 3^1 4_au LlII 

'£_ 4jJL>JIj 4_aLl!I 4jJj_3JI 3jjUI OJJt 43-lj-^o ^jJl3j ^Jja Jj V 
^J-Lu-3-c-i 4 j^_uJI {J7 jla-u L£ .»l<i11ll 1 L^->-a A_ jjjj ^ylJI 4dil jJI Jl3j 
^Jlc. j-Aj 3- 4..tl$>Lu.i3 cGliiiwj 4 jjISLjIjj diLaLou^l (j[ .((oL^-mjuJI )) 
(Jj^o^lJI ' i»L",,,I ^iJI cjU> 13-13.4.0VI (_^3uu i A_ UjIj 4 ( _ 7 _u^_uJI tiLj^tlJI 
(j\ 4 i n*>Jl 4jL.a./3 ^-tAJU La Jo- (_yjl i 4 _jL Ji 3~r I 4_aJ • I 

jl_3lc.l l4_l^> 1_>. 43<^a.ij .4_uL^_uiiIj 4_t£-ul^-J,I ^Jjl ml' ^Ic, 

^ .r 









£ja - d ^ k." < a jljial CjljLxta 4_JL-uil OJJb Jj^Lv ^uajv 4 _aI J_u 

. Ll>. V 3L * i t l A i a ^tl .^yjljLJ.1 a & L l ]s 1 

^Jl jJJlLlU j-iulJ I I J-A J.^s.7t.i.iil ^jl S4_uJlC. 3j^j ' (_JiL<u (_J_A 

aLSL-VI 3jLu_u ^1 LjiaJ lil La-tn.Vj t4Jt]LtX! (J-ti3 Syz La Jav 

’ ‘ * - j 

I ^-tA LaJ, I 4 j 1 Jt>- 311 4_st_u-t^ 1-4-^ ^Ia.t.11 _LtC. I i _ 7 HJ I 4JLi_i_ui. I 

«CjVLaIt>.VI (jLiiJ 4-tdxulfl 4JLLa» 4ftatj <^_ (JjjV-jV ^alLujjJ 

:Essai philosophique sur les probabilities 

(jjj 4 CjLu jJU 4£js>- 2— tilLaJl ^.lc. HI aj.gli*j ^ jjl ^LLa."aVI (jL> 

^ja . Lj i ii ) 4 a ^jjl .^-Al^-la-ll ^-t-ajv 4 tiJLto (_^_ol 

( 3 ^£ V : La LL c_<fal^£JI CjIjL taa (JlLa j£^a J^LluJ 1 Lj j <>»a jLstjJl jl a'^. 4 ]' 
. ( L isi -^-uj ^ b4 £yAyA LlA JJ-LluTlII ) <(Ll4>- VI L4.Lt) 

tj^-a-Lll ^1^ ^j-^lj-ll L )4->'-II Cy* L^uj l? 3^L ^4 jjl jJ^seiill I j-a (jl^ 

tlxjl^j ^_ya i_4jtvVL (Jj ‘(_2-t-u V-JM-Il 31! 3j_t4-a 4.3. no £%lU 

jj_i-£ 3 JlII A.) L 4 JLI J_) ILLa 4 aLj 4 <iJl CLul^ Lllla.1'4 .^jjlII jSLaJl ^cjjLj 
< _ y c.lj Vj . 1_3 j j_t£iLLtlL tLLujVI 3 _xj j_xiu 4 (^_iioc. L_uJI (j^-3Jlj 4_aj j-3JI 
^JL ^14]^ j.\.,.s-*.A j.» .Cu.<i I (jlSJ JajljUJI Ija V 9 J& 4<jJLI3 ( _ T lc. c 3.i..uMJ Lut 

( j y i c - ‘ LajJ ^t.i.it) V (_y4^ 4 Liajl LfcjLLai-l Lajj^Li.-ta-U (jl J_u .4jJ i^-LJl 

.Liajl 4 J,^jlII <jr ll^ jJj 4t_i_i_LLrt^ ^j-aJuil 4 I^_jjL L^jIjLu 

LlA -Li^a^l ) a L^J 0 11 L I i_y 3lo Lll, I ^_) LLaJ I JI^-aS I 4-4L. <_I * I^a-_tl 4 j I i_j 

J-3^ .^Lc 4 ^vjj LjJtse-a 4ja-.io jjLsc-a aL j-taJI CjLj.Li jj ^xiiLaJ, jjl 4.3-t3.-v 
tlLj-a^lII ^-L. 4_3t_i-a (jLeJ. (j-\.3.1xafc_a £jjJs>- ^SJI 4j^_lajj 4-u-t-n III i~i 3 i I i"i^l 
j3 L-ta ala-lr ^al^JI a L^J^H a La-L. Ll5^ La l^_uSt3 . ( ( _ 7 _u^_uJl 

CjIjj i^->" L )- 0 4-3j>_a yA 4 La 4_Lt>J A_ 4 aL j_Hlb . ^0.41 xii.'iL) ^>^jl 4 ^_tC 
(JSJ ,Jj 4(_g^T lluJ V Ll£jLu 3 L)l «4 ,m. A 4_aaj_A Cj V-.i.uL atjj CjL a-taJUJ 4it_ujlj 








£j-u In] I I dLa 4a^Jtl I ) 4_u I JuJ VI t—kjj. In 1 I 4_u_o Lm_>J I La_Lu 4 4_uiIL>J I 
1 4-t-a a' dll b JalSll] 4 JjLlJI 4 .. 4 -L.)VI d-*J di-llS LaS tdlldS £)Sj 
J_$£- dla 4a^JtXl ) 4j^LjJI jaL.iLtwVI 4 JLi n.4 dll d-ubu JjU L-4 _Lu 

j-uSJI cL- <tl S-iLeL) (d-gc-a-i-u JlS] .^LaTufc^L] Oj-UA (4jjlS_}I^J 

1 r^°t . < d I ^ 11 1 ** ' V . ,. i . ,. 1 1 1 Q \ A • 1 ' 1 ** /-^- LL! us .dUwiii 4?J_A ^)-4 


^..u?r..ila -l^-3E_a ddI dU b ^^To- d*J du IS I — I^IaJ I dJLuv 

■ 4-lx^aI dll b — LuLv dSjl jl 4_La jj^aisenJl ^jlxju >L>j 1 .n 


1 ^ ^ ^ I 4ij L^l I di U. Lt_<J Li I 4 4.43.1.41 ^Lii] Ij 4 1.4.UJ I ^)Io 

^Lul 0 j_lLj (_£ jJl £■ b^aUl ^i*Jl JS 4_alal ^S_ 4 -i 4jl 4 ^jLaL>.j 
^Ltil (J 7 Zb*-j 4 _uLi.4jjVI ^jl*jl <■ dLlc-a ^j_a ^jjjLlII j_uSJl ^aJl jjljj V-^) 
^la^-aJl IjJJ_ lLcoI 4aLj t uaJl 4_ua^a-*_i £_Lld (JSduJ ^j^JLaJj 4_uLp-VI 
jLL lluJI Ijafc £_a J)IT) V I dild>-VI d<jlSj . ( ...4 _j_u^jJJI 4g.lii.lL 
^1 dJjLjUL J),U.Tn La_d dU b Lblj d3j 4 4lah u-i (JSj ( _ 7 jl 1 j 4_u jL>Jl ^JLjJI 
dlLbfc (jl VI .4ii 11 lit. I 4 j 1 9 Mill dil d 3" « 1 .' ^j-c c-ij-iJa (Ja^-L (L)- 0 ^ d*J dulS 
Balthasar van Jjj jjj ^La jLuLilL .U^V . >^YV ^Le^^^da j±.\ 4 ilal 

^Sja 4 4jj-iia^a j_Al^io cLuLj^SJI diLdjjJl 4_4 jjIjj -iljj dvl t der Pol 

* * -* 

: dUb Jl*J 3 jdu Lua 4 3 l_d^l 4jl ^ JlT II p L-.**. 1 a J J c ^_otds» ^>duJ La-t£ 

. ((4_uitLa La 3^_4fcLL n ' ■ ' 1 / ^ Lb I Vli) 


jailjiaJl jLug I L)-° ‘ L° J^-Lb 4i^.j>a JS die 4 did VL Jala V 
a^Jll L)^-l • 4 I 0 34 4JL>-^JJ dlij dlljjVI dll J_xa Jglln ) V ^aJl 

(jT ja_i ^dc. VjI i _ T i_bb .«4_bu^_uJl» lLIj^VI ^j-a jJl ^Ijbeldol (J7 1a~u 
jSL da b)l (jL) f^^ajJl ^It* 4-u^ad ^_aI^L 4_a_jd>- 

jjy-aasJ ^ V .i.ijllluVI (_aSJl dll b ^j_a ^dVI ^jSJ . ^^..ilaJL ^-uu I j ^JS <"i' 
^_a 4 (_£^>-VL L<a.lg jl . 1 ^jlr 4.ifiiAda 4JlLal ^jjj V-i V LU ' ( _ 7 lH ^duuuil 
. I d_j3- 4-u,Jo^-fl]I 4~j ,^U- dll j4 1 4 U Le ^.LaJuJl djl^a 4-i^i^i'^-i ealjdcVI 
)«dl.(."j '.(JjjVLV dJj^a LajJ j £daj ^jl II-lLc 


^ * 0 




4-Io-‘?l LsX 1 4 _*_j_lLJ I lc. Li I I ^ _Lst_a I 3 j_& Ha jjjj J_jju 

^jllall lII (jjJsJl CjIjjj t h (jl diLsjLil I . 4_uaX*Jl diljjiill 

ISLulSwua Vj 4_t_u_u.il 1 :o}LS {yAJ (jjjjJJ 4 _»^_ujjI »Lj_t.2-lJ 
OJJb (jLj_tu (jLLu JjJjv (jJa-atJ y L-UJ La-llj jl 1 ^ j* l"l ^£JI 

j^3 . 4 j2 < <i»“il I di Lau-aJuJ I (_£j_lu 4.".^'v ^a Q , '~'^) ' r ' ^ ^ tj-aj-Sj Vj . £ L j_ui] I 
^Jj-3 ,Jj3 dlLufc Jl 23 .JjLouVI jl 4lal , u-Jl «3 jLig.» j.Li-%. ^yz Ljj JlScj 

tf.i f.\ air d^ 56 - 5 LlLi ♦ 4^r .<sn 11 4JVj 4Xal < a t.l 1 ^_a jJjlscj jjjLj 

J <^a.Sj Vj ) :j_u^ (3- 0 j -LXa 4 jj. .liu-i! I z jSLkjz 4^j JI U, Li l t-lllm I ju£ I ^j_jJ! 

Mj dlLufc :( L 2s*. ljj£L23j IjjJaj (jjjJl tlLJjl <Jj < «(jLL u^jj VI» <ic.L Lufc 

. ' ^ ^ I £ya L^_ue_a £— I Jy->- (_j 2 m L^J I VI t 4lo LuuJ I ^j-a j did 


j t?„ "i jjljj Vj dul£ ^iaj^aJLa .jjJl5cI<JI c-cvj t dJU j Jfi £_a 

Lul j (jjuJXaj j^Lj Lualitdl IjS»|^i Lulj ,1.2.3 .(jLju^Jl yyz <_jjj_l* 3 
4 > j \\n dij_t£. 3j_ji»»VI 2GMiU! 2 »11 (jl yycyzzjj t jjjjJ 4_aulj^S (jLiiu 

I JJt> (jyic. 4jj_Ul ^£2>Jl t_t_u£LII I JlA ££jLj 3 £-aujJ .4jl2 ^.altll JjXaXXl 
^Vl yjot.*.} ^u^2j jJa-Ul 5 jlcX -a ( _ y uiaj.2j 1 du£_a2 La3 
djLu^LjJl ^j- 0 (JJj-S 4 jujI jl 4j}Lj <_ujj l£La \jt jLlu.iiLi VI 4 2 u <iU 

( _ y i^L2liJ' c_iL_uj>JIj 4_j_uj_uJl ISLuaLujJl V^J 4ul till2 .aLj_t2jIj 

ijj^JI cjLlJoIjj cjLs-^ 23 j^Ltxij Lt^-jJ^j^LaJI V^Jj 1 Leibniz jTu-ujVj 

• ^y/^>^.2j I Oj L£ Ll 1 iyjyu±xl I 

t*(i y L ^ I ‘. 4 X 3 Lt.u_JI i_! Li ^yijQ^.2J I jLiu JjLi_l^JI l_x_ua 

diljL.ua 4_t$LuaLxj jJl 4-a-la. 1 VI i_JL*J I 2^ 4 jI Lulj Lul Vl^ . (jr Js>^3 

* ~,‘C fllMt j j ~.jr ^.1 ...N 1 ^ a a 1 't-~. ...I .~. . 1 ^ ... t !a^a Orvictan Lj_i_t3ja*iM a U.^- M a ( 1 ) 






jl jja- ^gaea. CjjLojjj . d g k»" / a CjIjLlu. 4 Liiajl 1 ^ 1*4 t4jj_Jaj3 

A— Lai ‘.CIiLl^IjjJI Lq-t3 I JjS> . SjLijJl jl 43llaJI <Lq_c9 < < i.ii'v 

jjia.il, I ^j_a 4jjj.iaj.flJl dlljLuji, I ^jV 1 1 JjrtVi jJ£l j-aVLs tgljj-LflJl 

^aL#]I jl j fl~ i iiVI jj& t^yjLij-LflJl jj la <1,1 3j fi~i i ii q (jj^L) Ji3 ^ iLjiI 

SjSLb 4l£ LibtJ (jiaa-Jj .^.(.iig.uJl ^UaJJl ^j-^j ~»J ^Ll^-lL-a (_£jJl 

( _ya. i.fl. x 11 j_A ^Jj . 4 jSLu.o ^l£JI a L jwLflJ I j lS_ul£_J,l ^j_ua jatjj 

^gj . 4_tgjaJl l _]iLa ^-ufeLajl 4a. is~> 4j_XaJ i—3 1 .tTuTi^ IJ JjJju ciJJ j ^j-a 

(jy ..iaj.jJI ijJJj^j ‘.^SLu.u^lSLlI LiijjaejJl ^glc. /gSJI LLulSLuaj 4-t.u.uiJl (jiaj2j 

4_j_a ja- ^_a Lfcjjjao Jjiaju ci tv*. ,.. I Lgjl . LLuIi ciU j Jjj ^gJ (_^jJI 
jUr.l ciii i A— Lgj) 4„^.i.i ,n ^l£J I ^jl qf VI JjJa- jL^Ial ~i^y V-> V 

. jf>j_a I _LA , I _LC. ii g <“tl I (Jj..t~j.i.i ii . Ja-1J (j 1 4_u 1 ^ < 11 l ^~i g 11 J 


iLg_lSJJ 4 ji_3 J I L)Lj»_4 : 4- j <L L >J I 

«5 

IJl^J S 4-ugTiaJ I La ^jisLIj tj-la-cll 3-iLc.V 4_ugTi_>J I ^^^.tiajjaJl £_iiaJej 
L^_La j_ug_<J .4_la_) IjILa CjjL£ (jjj I # m j-u-gTiJI ^Jta-U SJlC (jL*-a ^lla i^~>I. I 

^LIa.iJ jjiaJl jLo^a 4 Jatlij (Jufc .4-LL.uI 4 jujI i_axj 4 _lluLujI (jL*-a 4 jujI 
I jjJaliJl 4 Jlscjj (Jjfc S^lIaLflJ ^Ja-1 43 j_*_a j^JjJ (J7 £-j-aLu4 
4Lalj ( _ y jjaJl 4 jjjjxj gji,I j_u-a_q 4J^t3j ^4_LiljJl 4uJLsej ^^jL j_t3 

S<_jjaSLa J ■ 3"., ,.I I S^£.Lgja.VI 

^g..Ia».g A- . ^iaLj ^jjL£ (_y£_u3 Lu jJ I ^Lla-Ul (jL IJ Jae_a j_t£ JjJ I j Jaej 
Jja-jjl 4_Liij_xa CflLuiaj^ Jju t^l gtll Jaa.t^a.Jl ( _ T lc 4 j g AVI dll i CjVlaJI 
!^ya La 4laJL> 43jjta j^JJ (jL ajaJl LlA ^j-a LLi^Lgj j t3j£j_a 4_ul Ja-jil J 
4_uJaLjJl 4_jjjal_>Jl <5_LA C<.lla tjjjla £jja ji .jLjjJI IJ Jt 4 Jao jjiaJl jLta-o 
i_3jjiaJl 4^j_*_a ^jl JjLaJl jLfllklVI (jL^ :gljj_uaJl 4jlJ ^1^ jJa- (jj^ ^ga-jlu 
JLlUI jjiaJl jLt.u.a gjaej 4i!lg_a) 4^jaJl 4aj-u J-loTlIL ^g_mJ 4_ul JojVI 







LUj Laj . ( f. JljJI (jj^-ll jLua-VI L^.aL ^Jsj ( _ 7 HlI 41^> U 4_i>.V 4_LajL) 

oljLu.ll (_£ 3 ( _ 7 £LoLxjjJl ^ lla. 11 1 njLo-VI £yz j-±i3> JL.J 4^j_l1I ^1 u. a n-~i 3 

4_l3->J I ^yz Oj I 4_aJ . 4 _u4j_>J Li * 3 _L>- Ij 4 _Loj 4j 3j_*-a jJs Ijli 3 J J_=sJ. I 

^jj>l^l£s : (. a.i1 is~s~t] I A_ 1 \r> ~v <Jj l Mf I 1 j_L) 4^>-j ya t ^j_ul 1 4_UJJ^-tJ I 

^Jl3j L 3 LI j_a £_aj . ( _ t L>Ljj Cj_L>- t j\_uuJ f. Lj j_ulll 4 jlI j Ji> (jjJ ^-Lsr"i. .11 

4_ujH>J I ^_i_l«j ^ I Jiielu-u I I LeJLLu 4 (_j-L3 I J Lu>- t,_ j LL i_l_u_ujj 4 x>j^ 3 

♦ ^ LTcAV' (Jse-a 4_u^sL>Jl <_3_4u3jl 4 j (^->Lij-l' 
l_£j ^Tlxuj 4_uuO L>- jjr l I j_lujj Lj {jt LJ lA 3-&^ 1 4 j <i~ •> II Ll I I La I 
il 4_U4ui.ilLij 4(_LVI ^Ic. Lj£j^ 4a-jl 44_uLj_u3jl CjLuLJI ^_yzJLZ 

^j£L> (_t^1I 4_jJ_l3Iuji 1 I I^T^J^. 4_ul j3jV! i_J5j j_taJ I :4_j_lajJl (juuuLSJll 

. 4_u Lj j_uil I 4_j_nIL>J L L-kj-xs L I _LA . i—kjjiaJ I 0J_A Cuiij^. I 31 L^jl9jj ^JLlu 

.4-uaj.^g. j!£l jjloi < a £yz L^jjl JjjlIuuJ 4 lj_u£ LLiAsLj jl jjuui Ju3j 

.4j*j iU (j-uljjs jAj :^£.l uilJLj ( _yj*-4-z 4-ua3->J' ^j^Ls 4jl 
^LLxjIj Hj. 4 ua. 4 iJ I 3jjc. £y* ^.l3JI ^JLlI aj^LU I Jut 03^ .i3.fi 

-LlLcv 1 4^1 I-LA 4-uaTu>Jl £)-o LiJ-luai) Ijl .4j^ll3ll j-AljiaJl 

£j\ 4^.aUl' Jl^uIII ( _ y 3l*_aj i _ y JL-4 <■ 3.1"xic-a (Ji5^ (J-'O -LLa (Jjl3j L£ 4 
4_uiIi_>Jl £-jtz LL a ^ui j_L>. J . 4_u*_ulaJ I ^jLlU (jLLal Jaj-ili 4_u<Cu>J' 
u1<JJl->JI (J-LAj 4±4_U5e_l ^uL (oLjjl jJL)I ) 4jjJl3JI lLU j£j 4 _uLj j_uiJl 

£— Husserl Hj^ uj La 4 _u i ^ L ^Jl 3 j j*- 1 I jLa-i i j LuLI I _la . 4 _ui_luuJI 
: ( 4_ujjjVI ^jL*Jl 4_aj1 £yz £_)ljJl jitJJ .1 ) \ W\ <*L. 

3 4 dLj> a ^.L L LLu~i i_*-Lu<a.i L ^LlI ^1 4 4-4.itLI » 

4 4_*_4_lL!I SjSLs ^ya j u.ii.a f J> j_A 4(—3Lla.lI 4 jL^_i A_ 1 ^1 4_*_uxLaJl 

LiLua- (j-HJ V i ((4—uj— liuiJ I » (...) .^^yulsLjjJl 4 jlj_lLII ^JL 4_*_j_lL ^.3.a~i 

Hj^l JJ --3-.il LlA CujL L-jI ~4. ■i^.xui.i ^L-l ' »Lj j_u3Jl jjla-L ^yz LjL-I 
.«3j_ijj Lua 3 Juuljll 9 . Lj jj<?ll HjLlLq ^_OjL ^1 uiLL ^1 4 4_jjlj_lLJI 4-ui_li.u.U 
j^.fl LLuljj 4_uaIL>Jl «^jL>»VI u_j 1 ,4.44 >J Li » u_3j_iuuLu3JI -^Ijl 














4-t-aToJl (j-u Jal>Jl £_ya i La lx. (jr^- La Ja-a .(jjl jlxsty ^jliT 

- ^ j*j .Utl 4_t_i_u.i .J' j 4 j ,^L jJI 

4_U1J_>J I 4_aJ^ (."daflL^-J t^.gj.1 ll I JiA LLlIscJ La_l 4_4i£L>Jl £yA i u~l I l_£ 

d♦ j 1 1-. 1 1 ^lr j_ij-tiiTJLi dijllLal tdjlSJj tcJliil I_l^j L^3a-t9 L7 ic. 

(JjtS jjbj .4 _ijLujjVI J).U.Ti,j La-j3 4_i-£3l_5tJj t4_L*_ulaJl ^3ill 3-VirtU 

t ( 4 _lC La3o> VI 4a.a3->J I 1 4_j3-^J^_uJI 4 -uqTl>J I ) diLujUrt-) Jjj.l j 3 a jl^bVI £j\ 
.CjLl4H>JI 0JlA ^yA 4-Ia->J <_]£ A- ^jL-ujVI 4 jjj>- (JjJ ljr i-yu «bl ^^J-t-a-i 
l^ysj Ha jjJj a^Sj 4_j_a3_>Jl ■£r\]n £_llj jJjJjuO lIJLIa il^H-l 

(_£ I : J-^ L>J I 4 SjJlA I^ya Ls ^LLaJ I (J-t-SlLi-al L) L) f. Lj_Ul] I 
Jacques i^jJuill dJLv £t_t_4-aj 4«<—i^Tt^La 4 jU .(Jx9 *—J^TcfLa q ^ 

4-^ J£ Joe. .Diderot jjjjj La j£ul ^1 HHtAJI.le Fataliste 
4 j^>» (jLi lj£Lj_a Spinoza I jj.lj-i.M .1 .dsl Jl^-VLi SjS-ljJl 43Lo» 

(__2 1 g, I L»-£ I I. J 1 Lt-U L) ^Ml it' 4. 1,1,111' 4 ^-A^ ^3 ‘ 11 *"* 1 11 J 1 I ‘1 ' VI 

j-uotij 4 j^Hi) la vulgate biologisante «4-ujLp»VI 4_*^ill» 

£a-l^_a — 4 _jjLo»I dll jLtt a ^Jl ' J1 <**nn I 4_tC. 1 aTo-VI^ 4 _uL 4 . 44 . 4 a. J' jJt '^.laJI 
i—a 1 ,<jju5> 1 Lgjl ( _ T lc 4j.alt.ll diLre_iVI j i nfl~ ^LsijVI I JlA £_a t (4_a^>-^3Jl 
*«J[£se£Jl jLajl 4_x_o»»_jl «alfi jJl 4_x_p»» 
Cy 3.i.xi.liJlj <^_j_*J,I I JjLLa-i <J-“Lilli j 1 ^Ju-u 

t 1 j a 1 ^ ^jl_j_L*Xl ♦ 4-LaToJ 1 4.al^ 1 4-iLi^eJj diWjJl £j\Jt da. 1 ->J' 

4jjl_ull 1 a^l^M-A (j7 o3^_3JI -Lsj ijjLaiflJj ^J^a=_a 

4^>- ^j_a dJlill ( _ y JutXl .4_uLi^jrtl' 4_^a3_>J 1 ^JwC ^_L>oj 
t aJj-Laj CjLjI Jj A_ . LlscjjIj 4_Jl jlo-l ^.^.4 Jj£Laj^ . I_L>- ^Iaj 

la Jju ^aJ ^.>4 il.1' 1 JuA (JlLa £)l VI 1 4-u3aLjjJ' 4_uaIL>JI 

^UjJl *^j t*'" < ^y-t-U-i 4 -j. 3 <4t 1*4 4_>-j^I°l ct-L*J,I (_gj) Li 11 

.^jVI 43 Mill ^LaI.1 ^1 jLlluiVI j 1^4 4.3 i 











(jlSLol 4-^Li-j! C'.fl.i?a^ i—k^ Lil 

«Qj Lssj I_ill3 j-*-A J)' ^ ' & yA i La ^_yj Li j_J3 a Ilia.iJ <J jl ■ 3~. ,., t1 4 J L>J L) ^_LuJ I 
4 jjL£Li!^jj (Jj^joj^Lo yA i.l^'vV A3j . ( 4_ul jUjVI (_3jj_LaJl ) .4 _LaIjJI 
y±A Ju9j .jj-LaJl CjIjLu-c jl^rt" ml (jlSLaVI I JJt _Luu ^j-aj JuLo 

tC j LLir». ^U, I 4-l.q-AVL] jl^jsV! yA y^syjal\ 

* . _ .* ** w J! 

LSLlui Jju Ojlfs 4-tfLi.aLu jJ 1 4 <t lo V . C<.rii.a A 

j » 11 Cj 1_j jj jJ I t 4_jj La-mi I ISLu l£-il I A_ (j-\_<a-<.tij>J I 4i L-u-o ) 4_o- 

(jVI Ctixi Jl9j . 3^_5lL_a^o CjIjLu-o j! (^SLu ISLl* ^lla-U 

4-i^-cq Lxj jJ I 4.^.1^.) MJ (j I li! i 4_u Lulu. 1 4i L>- ya I I Jafc (j>^> 4.2-i.S-v 

jl ) jl^-Slu-uVI ^_XC. JU. A_J . 0y2Z.i.n a y j C Cj! jLlxl-o 4_o- j^_a_<Jl 
4f>^scj 3-uTJl (jLseJt! yA ^ j t (4_u! JajVI i_3j^JaJJ <LujiIui>J 1 < 

^ ) j! J.S.4J 3-iJ-5s-l! 3 jJ-"J! 4_lL) La JjJjv ^j_a JjuV 4jI j . ..t, I ^ LlaJJ! 

. (jjLlil ^Jj-lu. 1 ( _ y lc i—fSjj^jLjJ yj*j ~i 3»<>> ^ * * * j! c 3au>> ) • * t u-k l ».<>>! 
. 4-uC<->J I ^yga.A Lj 4_jjl>. j 3^Ja_i a l_5J! ^£La-i * Jjlla-J,! 1 _L& yA 

: LojLco 3jj£ jJ.1 4UJL3 j« A. (jjj ^LjV c—Lo ( j^3JtJ 

4_3jL i-aJ! 4HJL>- 4_st_uj L^j! 4_La!jJ! ^JL»j! 4JL>- (ji! 1 <jlr» 

4^jjus ( j y ic. l_4 dcSj A_ (jLifu ^aj .4_uV! 4HiL>. t : ..,u.oj 

4jL>.j_) Ljaj^ CjLuISJ! (J!j^-!j 4ji_j_LLaJl ciJjj>o < __ r U _11 

d£jS>- 1 ^ I Hrt 1 4 JjLjlI! y A <^a J jj! t JJl^TcU CjLjLuJI ^ J-4) L) 4J ^-A-lj. jJ 

4 i < ii ilL) j^J-o :cjljjJ! l Jl>. I j 03^-1! ^L.u->! j-j^! 

A_ t4 jjCL_lJ! ^-JjJ! (jr Lajuj .4jjiiLj ^U1 ^_ r L>- ^^U! Jlo (J-lSIujJ. 1 j 1 4 . 1 ]^ 

«. I JJt yA 4j>..<ial^ILQ 4^ti t ClLaJl 4.*t3 is~>\ ^ jJ! 

* tf w 

.yu Mj^ 4 1.3..>J 4_uLL*J! t—tcolSL^JJ 4_l£ Luo » 1^. 3~ 1 nV! ! _LA £)l 

^yujyA yu±A-uj ^LLaJ yA (jjJ jJLSHjVLj 4J ^.a-lmJ) La CJLlA y^ 










(_£l tjjjSJl ^1 (4jlaL>.j *Lij fci < 11 liiLejVI cQJjLu ) ^Li-a jat_J ^[c. 

C-<jvL 4xul jJ Jst_a (_)-ujJ ^_t>»VI I JuA (jl ^\.idCL°i .^jLj j_ui]l ^aJl_*Jl J_a- 3 e-a 
. g. 1 ,>. Atlj (jLajJl SJjJltc-o 4.a.k )L 4jl_jj_lajj 4 jjL>u aL>j_taJl A_ 

4_al_*Jl (ju jL&bVl £_*jjI^J l JjfcljJl CjLujSJI ^k CjLI^j j^st£. <■ .i„u,u J-&J ) 

4 jl£JJ cjI j L^jj_u akjl Big Bang «j_uSLl I jLa- ajVI» jL*_«il o^o 
. ( 4 1 a 1 1 a Lj j_uiJ I ^ I a Lj-uJ I I 4 J j-ucTij I 4jal*l I 

aj> '>■■.111 (_^Jk jL) V J_lL>J I aLijjaJlj CjLu^LjjJI ^aJk. J-a-seJ (_£ jJl La 
j^_la_/_a £jjQ S«(j^«-ll 4JL>.» A-. JlLaTJ.lj Lal_a-J ( _)jj_u_uL iJI < nil .^***«tl ^Jl 
«4 aj4 J» 4 _*_u ^3 £-i^z>a ^jjj jL)V Jj^-j ". kt-tiolj t_ 4 .u, 1 . 1.11 j J_u t_a ^_ak 

V I jJ . a Lj j-uaJ I j CjLlJoIjjJI j-u LaL Laflljj Jujj 4_j 1 14-t^.lar.lJ 

(jkaV 1 ^ i.u a.ixill ^ lIo.il 1 (_^Jk ^ : LLuTu jjl ^.-tklu-u-i 

4,j-ij^~) 4at_uoJl CxjlSJj ^LkjJl ljuA ^^k ^-5 c-lJ! _^1 4J La-A V ^^k 

.4l_u-qb> 4-iak. lIj lj_»_a_>3 CjI j (jl^j ^ *1' <4r ~^~^ ja 3 -^ ^>1 ^ 4 j a">■ 11 

1 4j^l a ll CjI Ml L 1 ^"1 'j La-a -1 4_*_u-^Jl oJJb jLll>-I ^jal^Jl A-. jl_ 3 tl,l j^-aj 

(jaijJj (j^SJl J-a al ja*-l — ^jJl LiJ^i A— La£ (jjj jL>V j..i^i.c. A— ~ JjLuj ^HJl 
(-ill j . J j 1 a. Aj (juj >Li V 1 £) j I <? jJ^J (_£ jJ I ^a-j-aJuJ I ^Lilaj 1 £j I . 4JLa^e_a 

j> f 

^JLitUll ~. 4 K mi 1.1 4iaL>.VI ^J-J-l cla, A Li ^.a .It 1' ^-jSLilII (_^-k ^jl 

• CLtse-iJl 4^>-Lli. 1 1 _AJl>.^ cl^ L>^- 

4jjLiLa £jjQ ' — (J^l < _ y A ^oil - 4 jjI£Li1^j 4jjLiLa (jl 

4_iLl^ ^a.^aJL*Jl» 4DJl_<La A _ Jjj La ^_ r L La .(joj^LiV 

lju-a ^ ojj^kJI JLu^, .«La valeur de la science» rci*Jl 4^Ak»> 
{jjj-iSZL-* i—kj£j »1 al *1' 4 . Uj t—kj£ j> j 1 <i» 4 j1 4jjISLi1j_i ^jl*J t v 3~ ■ nVl 

: La_u^aa < »4 it^" ^lc 

^^>111 J-A 1 JJt :4jl j ^jLlII j (jl <—trsej tciliLaJl (j\av» 

.Jl jli-Vl J-a j.LaJl I J.A j 4J (_^jJl>- V lj_Jj I JuA jl VI .(_£jLjl1I 

I ^La> 03^ u ^ 1 _ t ^ eJ ‘ 33^ jj 4-4 a,a ,1 c_aJ LtxJ I JI J^aJ I j^La-i Jb. 







Ju9 jj^J <jl L-JSK-S L^_iVj t LaLa_i .IjjselLa j_ii> La 1 ^ «a (juijJ jl tdljj^J Ju9 
jpLall (j-a ,jj£Li (jl^ iljal diJ-sea V dllj (jl La-i . ( _ y A La^ Lal_a-i dijj£j 
j_a_i_ul I jl 4_jl rJjSj I J_lU jsrx i (JjJl*j (jjl LLJc. .Ijjl IjLiXl I JJt> Jp-ilaj 

(JjJLa A (...alL-u t t,u. j.ciiu.xfb i B «Lse_uj 3j_a dil j A i_JijL_u dijav 
* 1 1 ( • ♦ • ) • B £jC. <__j jLia-VI 4 It .1.4 B 4_3C_U_1 (jC. l A £jC. I_3 jLl>. VI 
..a ,4-lajVI (J£ J...LC fiLu^Jl j.a 1jlaJl ^-xa^t-i «lLsLvVI LulSwoLi (jl 
^pjl diLj jL*-H J.^1 LlAj di V ml i dill 4.U4.UL) jpLaa La jj JljJuUI 

(j_a Ja.a.£l (jllLxjl jJj Jl»jj V 4jI LlI ^_uLujjJ .(...) ^jlilLi L-aJLuJl dajjj 
(_gjjl a I jJalLmVI 1 J_i_a (jl£ I jl 4-jl VI .LaLa-i (jLt!bLaI<-a di V ml i ■ "Jl oJJb 
i—a3j2 jpLaaj Lu j2j V-JLaHa j )J^^ LU La 1 ^ < a jLa t La- ja- u~> pill o\- lxj^> 
4j L$j ^yC.% .di V i ill i n" 11 <_d-LX i/ 2 ."i jpLaa t jl>-I ^y-^-a-J • ( _paju <_<jL>- (_pi 1 ^ i/H) 
«.(JjpLl! I JJt (j_a (. aj Lisiij 4 -lC.Jj.lIi.4J (jlSLal 4_La3->JI <. a.gpij (_jLLail 


(Jj i 4_uLj j_LaJl <U_aIbtll 4 JLl 3.1 4i:l j <,-> 4 jjI£LjIjj LlA t a’Kj J-1 

4_u-u Lcirv (jl cillj . ^a,j-^.al 1 I Ju^J 4jjjj-iJhJI JjJ->Jl (j_a LLtSLa 4jl 

• CjjJl>JI j_jj^ j_al 4_ul jlu VI L-jQjj Io 11 (PLcaLuJ ^ Lla..Ll jjlaJl diljLm-a 

jt 

4 la a-111 £— (jjj j LatHl I jjlaJl (_gjLt.iia JX-Lu t LlI ^->-»~l La^ i^jlxj I JJtj 

3 _La Ci ianil lal.5) 3j_a T , V la.^l'^l t • ia < 1 j| i^uj\ (JSLiToj 4_ul JojVI 

j> 

4jjI£L)Ijj _U_L>o (jjl j)^-a-i . LjJ (j-ajj i—S j-*j 4-Ln-a 4_j_Laj 

A (jLa tB (j^- Aj.a_t.ul I il : 3j a" i H 1.1 j^C. dll jl mil 4JU J-J^l 


VI Jaj-iiij tB ^jc. i__3 jLi^-VI JJl£ B jl ^jc. ji? i im i ii A.£jc. jlii-VI Jjlall 
. LlI (j-aj (j^. ! j_l£ i Bj A till j£j i B J A (j-u 4 L^r> LaJ I 3 jJ, I Jjjj 


j) LaTt-AiV I (J^e-a j Lsel I (j£j (j LLl>» lj-a-i (j LlI L>- Jj lie ^ a" I" 

LL>j_a_a (JjiJ 4_u Lj_t3 4 _lLui 4_p jjLua (_gjJl (_^_LajJl (JjjLlSII jL^ 
dll j jjlail aL(j-a 4_ala_La Lx^ I jl jl il^j-ijjLjJ (j_aj_i L-uLl9 j-j^-H 


j-h.h.1 puTJLi ^rai■<" 4_ul jUjVI i—SjjJaJl 4^j-*_a (jib 1 3j_aIL_u_a diljLui-a 
(_y i ii a.ifii.1 1 ^l Lw 11 4 £ jsk £> i 4-LaTcv 4 jl ax~ (j j I l_La La I : V-Lalli.ii.a 4_tLa-<-l I 


^) \ 










i"' V d_u II 33 ' j i ' l_A Cj ^ i - 1 >"■" »<■ L) ^ d is> \ j + \ | 1 ^ L-i^_Li_>. 

3^1 Lh 0 £-“3^ <_ 3 -L' a j"^ (jujl-Ld-U (j^ I t (Jj' ‘—J * (cjL^j^SJI 

3-dj ^L - 0 jl j, nif d_*_iiaj d_lL>Jl {.I i (i-v JJLjlj 3 jjl ) J-lTJI dohLs 

3 I jLiil diljj df>3-5«-£ d-u'j .^ir Sj-ALLb aLq! t (i_^j_j^jL jJ 


d_3_dj_l I ^JJJ-Ll U11 


6 * A d_uj_Al d_uiH>Jl 3^-*-“-* d^Lxl 3^3^^ 3“ Ls_U I 

td J>J ll~l 11 jJt 1 J) L*> 11 !^ya Jj JjlJl d_coljJ A_ ^jLb ^3 ^ ^ a 3 A 3 4 (_)-o l j fli I 

d iii~>J 1 i_cjJl_i_u 1 d_a-. isn .) (_^oL>Jl i^Jli LtLlJ 1 ^.lax' La^ . j.}Ll «L>-j_dj 3^>-J 

t <uLL>o CjLiI i .i-v-) cllij ^^ylc. VLaa l£!_ul£_J.I A_ 4 i^lSUl 
dJuA 3 ^ Lll dr'-JJ J- 5 ^ . ( .. .CjLi Ij. la. <^o^l dJLjio 4 Cj 

■^-xze-uz . ^ ^ I a\ I «- ' C_ijj_i I Lu Ij 4 d_jju Ljj djj ISL1I3J 3^ 3 -0 O^d*- -Jd 
3 $£j La !jJ& ~ L^LC.^Ttie-a jL<aIix.l L4JJ3 3 ^-'°'^ l^^L>»3 dV i.iL.i"!,' 3^ 
CjI j ^dLu 3-a ^jVI La.1jJl». £_Loj V I _LA 3^J ‘.3 JX-LlLo 

d.t£.u »>ISJI 3jUI >—3j i"ij (_£ jJl (^^j-uL-uVI jj_u^a_Sjl d_>.j . dii jJl 3^ d_tiu_A JwC 

djj * ^1 Li dJL^Ia ^ ^ d ; 1 !!..■' 1, d d_txaj ^■■ 1 \ 1 ^I d_>J 1 .1 ^ ^ 3 < 

A_ Oj-Li^ik: L^jI VI 4 1 < 3 'I d-tseJjLiJl d_LajVl3 djj, nijtl SL^>Jl jjjjLjx^j 

_L*j ^cjjLlIIb . d j*\ 1311 dLulSJI 3 Lp »3 d_i>.jJ^_L>J I J-Al^iajl jLal 3 ^-" 

J*' t 

. 3 '-L-oJI cjIjLjJL ®3 3 ^ V-cd 4 i-LULaJlj ^d^3^3TH?^^ ‘ 3 '-L- u Jld 

S^-Alla c 3,4^3 ^ 3 a> : Crr JLlil 313«.J I ^3-i 3 j 3-*^' tl)-^^ (_y*-u-u 

(_^l (_5-<a^ 4 ( _ y xULi djU-VI djl£ 3U ^3l£ i _ 7 -Laj (jajLjx-a 3I 4^_ La d_uLjj_i^ 

jl^lt^l »3 IL^ .j_j£Laj 33 ^3-d^ d_jlx ( 313-*-° 3"di ^ ^ l _yj I J ^ a 

vj) <^->lI J ^3 3^5 ‘ ^p^>a I JlA> 3 4 d_aLxJI dj^jLlJI d_(jjj jJi, I A_ 1 < a 1 La^ 
J_>.l3J c_J^-d -i JX. 3 -Aj ) j.Mif djujl (jjjl 3 j. Mif » d_uj 3^ 3_A ^jJU 







jl jlufcl jLtLa c_ill djLa j_a ji£l JjLu L$jI (^1 t ( \j.ai^> j u>C djujl d-t_uj 
4 d_u Lj j_uil I ^jfcljiaJl j_a JjJjlII A- 4 L £^~»-I SjLuu .<_lL 1 j III i-od jl 4 d_uLiJL) 
jL llC' j£LaJ V 4 <Ll«j_JI LuLp- ^—^jl i_iL> j-aj 

V (jy-i-oj (JjjLlS-o A_ d_£LJ. 1 djl^_pj I^Laj jl . j-a jjl ^-utTiJ 

al^-$Jl jljlufclj La ^1 i is~i a i n (_£jJl <jJJju dJ djbjl^. 

JI ) d_u ill I d_uj j_a LuLaj Ltu Lti-a ej ( _j_uv^- ^<^_ jp. L<jJ I 

^ 1' jL^lV jLse_a V i ,i 1 i^l' I _LA A— . ( 4 t n 3 ' ^j-lj^t 1 j 1 L^^ nif 

. j^JJl ^1 ^UJI (_£ j jl jlufc jU jjl (jr a_u V jl jljlufcl Sj-Alli 

«L^jl j A-)) d_jjLjj_uill CjLJ_a-*Jl (jjjjJj V jjl aL j-pJI (jl jJ_u 

Cjlala^tJl La-il$ 4 ( 43 J-*_i (_^jJl (jy-LajJl (jjjLpJU JjJ>j ^g Jl^ej jlii) 

djJLa-*-ll Jj>i_i 4 j-uallL-je-a juu-a j jA_4_4jLuLa .^-Alj(^1 1_LI ^ 1 -a-.Ti La£ 

.(j-\~rtl~Te-a ju Hi j£Jj ( 3 Jli.1 £_a dJLlLajJ aj <^-ilI JLtfliHjI ) ua ) 


Le Hasard tAiL^Ui 


Ijok A— 1 a A l m3 1 jA LS 1 a n! .^"11 jp. Ol jl.ufi.Vl j_a jLc.^_i d_aJ 
^Jlaj 1 a \ 1 , s~T, 11 jl t-< \j\ 1 a : 1 a ^ is~i’z~'°i 3jLc.I jVI ^JLl-u 4 (_p 3 j_*J I 

. d_£p j_a 4_u 1 j-iTu-aJ I CjljL-oiLij 4 d_^>- j_a jlj-aL-uVI 

jl-La ^ajh .djjlSLIj_a I J Jpe^a j.iLufl L-u 4 jl j. 3 ", n*^! ^ JlC. j^. cltJ .Xje.U 

^-a^e-a j-a- 4 is l ^p-j-a Oj-Zul I ) « l_ 3 J1I» jl^_uu ) \ * V ^ Lc. 4 >^_ 4 luJ 
4 jjI£LsIjj jj 4 (Hermann jLa^_u& j..<i:±Ul jl j o^e_Jlj (Jais&rJl 
jlj «Lii^>J l_4_uL xj 0 dj^ j^. 4 a_^ 1 ..--Vill» jjjj V d_p.j-a-> i_^jJl ^j.laJl Vjl 

) . <( 1 ^ n ' 1^^ (_^>a (^^Hl I clLlj (_pi 4 cJu^juJ I 4 <LuJa^_*J I jJts P*> 11 » 

^J|^ dJiLiij.) A_ abjl^Ljl^j J /"(.<,ium . ( 4 _i j-ajj j-a ^^_Jl jl jj V 

(_^l ) oljlJLU d-uj)^ 1 uj^LtI (J-oI^JkJI j. 1 11 31 (_ 7 Hll 4 CjI jLiil d_j£j^>JI dj^ia_Ul 

= ji 6 

j_a L^jLLajI (jJiXlj (jl^IoVI (^1 d 4 1.1 ilL (_gj- 4 ^-Jl (J^LlSJ.1 A— L^al^iw 






4jj.Io.IJ 1 (_c>.j.a-ifl .dll jLiJl 4 j^£LU diLu j_>Jl (jlLuJ 5 Uj , ,. \ dll j i ^ j -9 

** ' jr 

4jj-1o. til (Jjio^j dll jLill 4_JliLo (jul^3 Jj>»j t L> jj \-<S i dll j till 4_^j_>Jl 

(j_a (jil c_l%j .^Ij mi C (J^-tlaJ jjJlu d»Luj^>Jl d)Lc.j-oj (jlj 4ijLflJl 

La£ 4jIj (JLn.a.j (jl l Jl^'v (_yJ[ ■ i—3^1 i^Till (j^ Jjiu 

aj.i.gj dt_(£ (jL^ .^rt~l III (_ 7 Hll J-&I^IflJLl LlIjI (jl (j^jlloj)) 

(j^. VI \_4_J1 jJ^O^Jl (j_a diISLLj Li j j-&> 'j Ll.l' 0J-& (j-ul jJL) 4j Ij3 (jyic. ^ lo-V 
4jjlu3e_a j>£. (_ 7 l^*-~.ll (^l dijj.to i *~>Vj Jj5t"ll <L*JLi 4_u 1 i n-y dll jl af Jjj^lo 
.jj^aJl (jyic. ^£L_cvL_u3 tJaj>Jl (j.xu.>J l^l^-vl ^Jul LaJ (j£Jj ‘.^LiU.[ 
.«4_»_L2e_*^a ^.l,.,,, (_^IL) Lo-1 (jl ^_aVI La £jjl^ 
.LlL^jv fiUlLLaj (^jJl ^UojVL) 4j 4j3jLc. V j-al (jjl ■ 3 i 1 «113 

<_iL-ujv (^1 La L^jjJlo- <_tjj_u (jjIiJl j-A'^-IoJI (j-a^ 

^_u^oj La-j-a- J ... <>j_o.VI <?_LA LU 4-lj.aj La tdiVLalo-VI 
(jl LL&La-i jl3 t 4 j <^->jjtJ' j dlJj Lai . j-&l^ IMl oJl^I La^3^ii5>l 

. (_ 7 Hll jr'-iljJL! I l_LaJ La L^jL Lj LLuTu J|jJLi 

j-&lj.lo...ll <bCj.,ij3ji I ^^oTiL^i-^JI ijr u^2~u dU j Jju 4jjL£LI^j I Jj 
L uij tj'j rt~ I (I VI ^ Jd 4lL^>.lj ^1 j_^OJ l l*-~l ~>J I OjJt (_yjjl_5 i4_uioj_*JI 
Lajl^ i j OJ^ ‘ 4 j JiLlJl ^L«.u.-vVI 4jL^a A. j_jj£ Jj>. ^^Jldol 

43j!o (_yl^- LijL b t^IiLuJl ^L { jy2, L^oj ^JLa (jl .(_yjl jUjI (JliLa ^I 
CjjJcv ^j_iC. (jjl^jjl I JlA (jl ^?l 4(jjljJ (jj£L ijl_>Jl 

^cJLaJl SJLa^J t^xLlJl jIoLuJl (j^l jj i ^->3 <_3-Ol jl t(_iljJojiol (_yJ^I 

La-t3o . 4^_>Jl oJJt> £— JljJl 1c. ^JLaJl . L.^ , ..^4 4 La 4^>. (j-a 3 j.j» 4_ijlj_i 

:^- L aJ u Jl ^yJL 

VI (j^-a-> V I^jj^ Ij«jI ^cJj V t v <■!■<■» tjJL^oJl ^-JLi <.. .*. mi -idsej » 

*“ , _ _ _ ft 

(jAjlj^ La La-i ^L...i L& jJ • 1 A N1 , Wi ' 1 4jsi_uj jjVI I JJt (jl^ jijjLc. Hj 7) V°i t^lj-J 
(_^_i3J JSLdjJjJlJl l \ ».Ia."t i a V t«Lul JujVI 4.1a.sg.i J1 J. Ic (j^£Jl 4 JL>-j 4_*_ul1oJI 
<5_LA (^yJjso (j_a ^cc^Jl ‘0^3 • 4 jJL 4Li-s-J (j^SJl I JJt 4JLtcj 






4_lL>Jl 4j3jJi-a LuSLqj }Li3 1-4 la ljr nst^ ^jj-i l—U 4_jJi_ulaJl (j-AjljxiJl 

4JllZLoJ.I 4JL>JLi 3-l1“JI lLLJ j Lil ^Ljl (jib . ( _^-uy23 VI s <Lul jojVI 

(jl ft Jut-Lev ^JjJLlI l_LI£La-iJ 44_Jl t ^-LlseJ La (Jfs J 43 ii—UjJiill ^ya 4.uai jJ_aJL 
clUj£ (jj£j V j_aVI (jl Vl 6 4 .».i>>L>. L^jIj <4jt3^ILa CJjlfi Sj-AllaJl 

Jjjlj3 £j£. 4_jjI jJuVl i ^jj, I1 A_ 4 loj < ii i Jjjljii j_ixxij (j! Cj JuO^ t LajJ 
la-a* u->- llaa- <=L_ Jai.i..u ) lla.->- ijj J_2fc_i3 t4_u 1 4 l! ' j.laJl <\..a-u-u'>- 

. « 4 j i^ij^ 3 j_ii>LLb Lu jJ yy^Jj ^1 j •>" i <i a j_lIlJ 1 ^ ‘ ■ ^j . Oyy>^ 1 A_ 

“ 6 

CjljLoiLi Jjl*ILa j_Aj : I jjw^a jjj ■ a n! ■ --»"<I1 4_]L^a ^j_a jjwl l_uL>» 4_aJ 
y^a ^jJaseJ I jjlaJl CjI jLm-a 4 LLse-iisjl i3~}~ lu ♦ 4-ulj.ifii.* 11 

jJjLlLs . 4_U IJ ,"aC y£>\y>- 4_4^- y-A I 4 JJ 4 4-l^Ll^J' 4_uyLsfcJJ 4^JV. 

(j^-a-J)) (jLtll (J-t-Li n c. —1_U_II ^JIj-4-uJl (J^->.~i ) 4-ilf.. ^j-Luj 4 La IjLiu-a 

g 1 Hdi ^jSLaJ La£ .jJjLiLlII 4_x*j 4 ,1 ,<,»,i.< ILi «jI_4jij y\ 

j> 

^ C \I * 1 ^ I 1 * 4 l ^ S) A ^ 1 ♦ < 1 t^ ^ L 

OJJb £— jjlaJ! jLi.u-a 1_4 _l^ Jevjj < __ =y IlJI 4 _lL>JI ^9j La» JuJiJui 

yA 4_JLZLa 4 jL 4 -u.lt.I yA Ls^LLajI 4(juJL>Jl J_>u .«S4 tS-a-1 ll 

Jl9j . * -J jLi.ix.l 1 I j jj-«jJ ^ 4Jl_>Jl ^_) 

: j tS < 11 d^MJl I JJt 4-i£l_i_a Lu jJ I 4-a.Ia->VI 4jjj£a_J C-Ju-ojj 

(J iszxrjc .J ^IlII i-ilij ^yC. V 4 ^yJIJ- lu-«J 1 jLluJ,I 4JL>- A_ 1 CjLJL ui,I 4 ?_L<Sj 

jJjLlLlII 4_l*J ^_ y a-3 .4-Cj_aJ! (JlLa i^iljL^illl Ltl^ JualLau 4L 1 n jj 1 ^jlf 
<_t^lj_a i_illaJ V 4 ()4jrtj<i->J' yja yySy yj£ I ^3 (J-^J (_^j-Ioj jJjLlL ) }Lla 
4 _u-oLjj 4_LlxxiJ (^1 1 !j * 4_jJLlLa jjjx^LUI j! 1 .aj I4J' 4.1a.i-4iljj 4_jJI J-aJj 4 Jl-uu 
jLm-a ^-Lu %a£> l _ 7 Jt 4_J LllU aJJt d<jl£ I La Jlj Jijtll Luij-iioj-a IjLuta jl 
.4 jC.j_ 3JL) 1 ^jlf C a.Jj.Ll.1' 4_) Ju^Ul jjl jl 4 JJjLlLJ' yjQ f-js*. 

j> * 

J Ljjj i^~>" j.1^1 til S^Lc.1 ^jLlIII oJJt Lt-u-uu ^jl ^jJl-l-u 

t t % J> 

.4_u3^LjjJI 4-j.a3ar.U Lij-i^.->- Laj^ a.a Jl*j ^aJ j -44 -aLjjaaJl A_ « i__3_i ' /--^~1 1 » 
L 443 V 4_ajl*_a jLlu. 1.1 ^ l^» ^3Jl 4_uLjj_L4jJl oLila-tJ' £_iJa^ej 






IcLjL^JJI l_ 4 _jl 3 ji 1c. jojj V i— ajL^rJLa .^L^ol J-oLc. (_£l 

j>s 

j-L.au Jo (jjic- t «Lut-Li-u JJ_ 2 t _4 j_ i£. Ij Jo» J J_u Jl*j (^LaHoVI CjJoJIj 

j> t 

<LlcIL>J1j i-J3 jl i s*Tt 11 £jA CjL) l_4-i I .^^Lc.1 jjfi jj.1 Jj^elil (J^_i_ujL& 

4jIj J t _ y ic L& Liu! .Sjolj ‘A.[jq.c. L^oj i- 4 -^jlSj 4_ul_j j_ui]l 

J^-Lc.1 cliljLil! 4 _j£j_>JI 4jj.la.lH ij\ l- 4 J-<-u V 3 4 La Jo. dJJ j_) 

(j-uljiijl ^jiej (SjjSjJtl 4jj-lalll 4 jjJoJI 3jj ts~t\\ 4 4_uL^aoVI g.L j-uaJ' 3 ) 
. CjLjj j-stJJ 4 jj'j ni* tl diLal jLl^HU 4jjIj_>JI ISLloLu jJLi 4_toloJl 4_t4lL>Jl 

V JI, 

4_uijoJ' jjl (Jj i 4-uaTtpJ' (juljii ^ILu j_<fc l_ui> i_3jLuolIi Jju ^j£Jj 

.i_f3jl_4^jJl ^Tuj (_^jJI 4i_llJ j ^j-a t.ll ^^Lc. 4 4^joJl (juljJiJ 

4 j ,^hjJ' 4-ucIIoJl ^-J ft* a 4jjjlao (_£J_a ^i^a.4I ^JSLlaj I _j£_d> j jjj Luj 
JjJjlJl 1 ^ i nj£ CjL> 't-l t^U I^J-AJ . 4-JoJ L*_qJ-I Vj 1-3 (jj^J (jr^- ^luljljaj 

LlA £jjQ Jj^j .((4-u4ToJ' ^Ij-jo ^yz 

J* * 

I j I 4 4_u*IioJ I cr ii3 V 4 /4-A j^aJ «L£oj ^j-o 4 ^tiajiLlI < 33 ^ ^I CjjoJ 

< _ 03 - 4 J (3^-3 • ^ J »^~>LijJl A-uCioJ' ( Lij-j-^oj (Jj Jfs (J^) l-$-i Lj 

di!jL-u-JJ 4-JLaoVI £)l JI 34 JI f^Ac. < o 3 I 4 J VI 4 Jj t*< < t 1 I _L<5) 

jt 

Sd^cTlojI 1 A n! 4-40 Lj 4_U I 3 Ml f ll 

4 13 ClLt-tisLjjJ I 


Lolii jJi3 4 jj l£!_iI 3 J 3 Jj^U 4 jjijJjJI SjSLoJl {j^-aa 

U^jJI ^I J 3 JUJ 14-i, 4^>LijJ' 4_t4HoJI 4 _uLj^_uiJI 4_4_<iIioJI j-u-cTu 
4 _u 4 l>J'J 4 jLalSJl 4 _u!o 4 j,^LjJI 4 -uCoJ' (j-\j (3^aJI ^3_jJl L&ljjl A_ 
VI (3 rt *a-" 1 ^oJ j-j-uCJl I Jiifc (Jii-a ^I J-u . 3 Jj J^eJ .1 j 4jaj3-(Tij.I. I 4 _u Li j_uijI 
4 _ujj Lj_u VI 3 j£uiJ I (jV ^3 £a,A I JlA . 4 lu JoJ I 4 Ljj-ujJ I £j-& j-^- dtflj 

4 Cj l j (Jo L13-II (3U3 1 ^ n 1 j-o-ujUJ I ^lc. 3 t^s >" 4 j£uA-A 4 Li j_uiJ I CxLto I 

. I 4 ^ i-Laio-lI (_j3o 3 1-4 & JuOJJ 1-4-)1 3 


^ w 






yLg-lc. 4_4 _i j_ 3JI (jljj-jJI cL. 3jjLu <Lu_ujVI dalf* 

Eudoxe Platon dUte ^Ltia cjLu ^ LjJI 

jt * * 

(J-olSJI 4-uiu Jl (_)i3jL*j<(» Ijfij-o t^rseJJl 4£jj>- Lu-uJlxA JL*j 

dou 4 ji^IjJI diLul£U 4_4jljJl dilj-uuJl £-a 4jjI A < nil dsLulSJl 4_> ^ < ■ "<" 

A_ j_>Jl tl_j^_LaJI jUol .(E. Brehier 4 _l^j^_> . 4jI ) .«^<>311 

4 Jpl^LaJl Jj_uisaj 3^_o-^U 4rt_£La t g. Lj^_uiJ Ij dLLiJl ^.\c. LaJxcv^j 


^JElII 4_ujIjJ ‘ 4jjL^..i nil jJt I^JaJI ^Ic. S i*-~i a ,a dt-il^ ^IlII 

4„tt^ -Tcj j J_u 4 4_$3 . (A. Koyre 4jjI^£ . I) I cu_>o 

s * * 

c j£LJ L-A-& :dU3 Jju (Jje-g. i^aj I Ju ^3 ijJjLaJL) ^_ya 

Jl‘ 11 a 4ib Jll>JI tLj^_jjaJl /ql + l i n i «/|i.l tEVI £-las*~ StiJJ 3 


4jJj-£jJI 4jjJl>-jJI (j-u 4_pt_u_uJ.I 3 Jjrtttl a 1' 

Galilee j-AJL-j Kepler djljjL»_a CxiilLajl jJsj . 4 _uLj^jJI 4 _j_u_uVIj 
t (L. Askenazi ^jllA,,.' .^[) ^ Newton ^ 3 -uj 

^C-4-u L>J I jISAjVI .£)^Jl Iji^J 4jjI (j^L>- *zr Jlolj (_£jJl 


4_i£ (jl£ (_£ jJl dx9jJl JL-J .djLu^LjJl 4 jlL) 3j.^3ll ajJb j-u-llaj.3 Lufc 
4JJI t LUj^Z) ^yA £— (Jj)6T a *—aJ^A ^3111 

Lb^>. YYJlj ^ *_Jl 4 _J_lloVI jljdVI : ^l_x_u-u YY ^_±c. «4Jt,Lc JjE'-J lIo-n.)) 

(j^_uEj_jJl 4 _coJlJLa (J J-lTi.i.hJ 4Ti^.>. ^ya J-lIllILc. i 4jj_x*JI 4 jJl5c_iV1 £yA 

LiU 3 JlLo .4-t.i..» JlIa J^aj J t-j^Tt^La : jl JdVIj i_^jj_>JLi 

(Jj . Lu^Ljj ^Lj-ulII (JjJLso ( _yojl_*J ^JulA Jl>. Jl>.jj Jl3U 

c_iL^>JI i_a 1 I t( 3jU. i—3Liu^l ^3^_u ^~a cjjt cjL-o^j 

d i^~» a tl ^-) dLuJ^Ll jJ! »l.q.U I ^ \ i^lilJI 

g. I ilO.4 E i^oJl^J! 4-IS>Li-u <^_ l_£ LluT^ V' I _LA I J_l_fl yC. ^C_l 

i_1^11nl LajEiI ^» ir^tH 4-uSiLu-a 4 jlI tjj^laJl 

jLu J 4.^-^-j CT-^- Etij Loj ( .dll j i^LjJI (_£jLuXlVI ^_lC 

.^3^111 L_3Ld^^' 




4jj_$lol ^jjl tLiajI LT okJl CjjVI IJl^J (jl Joj 

^** *J * ' 4_juJl_JI a L j_u 2 .ll CjI j jJLi t a Lg.lt II ^..t.n Ij La l^_uS»Lfl 

i _yj jLV jL .(j-GjjLau-a Lu-u-ii a L j_uiJlj jJl jL i 4_u3oL^_!l 

J» * a * 

fU jjj i „<Lc JlOej ^aJ .^ioL^J' 4.43 4 ,-ojj (^jUI ^aJl_*Jl Lu.4.<^> cA*J ^LLa 

<jV t jl^ 3" i nVI 4JL-ti^a Lvjlo j-u>- 1 agjll t".u-a L (j_a Jj^Io j>-«j-I 4jjI£LiI^j 

t ajijjuI jl 7T.eS\ jl 3j-.4-oL3Jl 4^j_*_aJ-l (j^SL (jl (jlSLaV ^ (jfLi ^aJ I Jovl 
4 j>-jV ( _ 7 _aj l£JLlA (j£L . 4 j I j> iiJLj-5eUJl ^.lr. A_ jj-S 4_ul JujVI t—3jjlaJl 
• 4jj.Lt 1 4_a_t3 (_^l ^j-a Lu.a £-la-» uu_)l£ L^jl Vl # 4 ‘LsjJl ^ JlCj jj.4-oi.3JI 

^aJl_*J t _ r -LajiaJl jjf 1' (jLiLx j)L^ *Ll j[^3Jl 4_4-o>U- 

4jj_L_l 1I ^Lalufcl (Joe_a 4 _uLj j-uill CjLii-aJtJ' 4 4^>. (j_a 4 <_LILlA CjjI^ . a L j_uiJl 

4^jv C_y a 3 4 L^.l£ Jj 3j_t^ailj 4(_yj3oLjjJl 1 ^ 3 4 L < n'^-i 4 -Lia.I, ' 4 4_uL j_ui]l 

.4 L~v jLI,lj 4 _)jJ5ejJI A_ 4_jjLjj_ujJl ill Lila-* 1' ^ioo (_gl 4jjkljloJl 4 (_£jo-I 
6 * 2 f 

alL-vU ^_LL_4-olaj L£^>K 4_jJI jlAXl 4 4^jJI <_iLil. 4jj <~ij (J^o 4jI VI 

<■ 3* 1 - 0 1L jJwL jl (J^.t.~i.i 4Li nj-ja L 4 JJ L^jL Lj-4 4«(JujLul1I 

(__43_4-o^J 4 _u^Lj ^u-o u-SLiiu^l <^_ jTcaTiJ 4jj_L_lJI jj.} (jl^ . (_£juiu-J I 

1,^ < a J) 3 *a-~ 11 4 a-$a 4. loo- jU. I jl 4_}j_3eaJl 4_uL j_u 2 _ll CjLii-ajtJ' 

^ja 4j^jIj 4j_a-<i>l I j j-io-VI I -LA j_X_u . I a i 2— JJ i^y* * ^ 6'J "‘J La 

(^j-olo-Jl 4^jJl ^1^ L^JLiwjl ^Ja JUJI 4.a.i i.Li .1 3 LjjtJj 4 4-j j. Li < 11 jj Li < a 

jt " * ( s 

(_yj L j-taJ I ^aJl_*Jl 4^J (j-u Ij jL^e-a u'j-i 4_a_J J-3JI 4_j_u_uVI Jlaj . L^j 

■ i~il L~w \l t Ij c-jjLsejJI 4^JJ 4_uioLjj 4-51-t.i-ai. i i—9^4 -ojJ.I ^ j. Li < 11 

^33 L^j^l ^MiaL^Jl JJjJl ^Ijj c_4_uaJl LiSLa-a CjiL) LlA ^j_a 

1 _ijJL La Jl^io LuI tr<K m 1 ^_yjJI I jio- Lj,.. 1 tl cjIIoo. V-ll <>l ^.<.40 

4 ( _ 7 -4-o>^j2JI ^cjjL (_)-d->u ^jJ 4(Joe-> ^JlAj La l^_ u ^ .^j-ajJl ^j_a ^j-a 

L^J^JLv al LjJuC. 3 Jajla CjVjLla (Joe_) ^_a-4-4iJ I <-_4 _u-jI^onJI jjJ ^lc. 

4_u-oLjJI 4ZjLjJoJJIj ^ubLaXl (jL) j-^JuJl i—sL^ojVI ^j_a 4_jI La^ .(jLutil 
4 Lu _L>- ^-jj_4oJI J^iLuVI ^ja 4-i£-La Lu jJ I 4 a Li 'VI 4 jj_Io_j cLt^La i _ 7 HJl 








i L$Ja (JfLiliJ <U Ll£iV (jr ji3j_<aJl dlLuJaLj Jju 

Jfrsr’Vmj J-=*-Li <-ilLLfc (Jljj V i (J_l 3 La £_a Sj^l^ILa 

_U_a 4_uljujVI L-fljj.laU 4-iml i< i.>Jl 4Jl_iu-a ^jla ^)£LaJ '-OSlc. 

4j ^1j 3 (_£jJl jJl JlSJJIj .(JjuaJL) gjAa.*. .J \ (jl (JjJjJlj Ja.a 

.3jj>.Lla dia Lv (Jj i 4_Ll>. A— CjIj ^qJ (_y_Ja^dJl Jj-i-a Liglllllll 

(j_a 4-iLl ^g^la-il Jj 3 JjLaJl Ja.a..> (j^£L Jj 9 La£- j.In *t 11 

jL^YI 4-)J) ^ J_a -1 L-^'jAIcY' (jjfcljAl Cl3jJl A- ^yA-UJ t L.AmAJ 

jj_a M^tlLiuI ( _ T i-uu Ltu^jJ 4_a_i (jl La£ . Lfc^-auJ jLuJI IjlA ^LjI 

• L?' T'~ I' S^-ia-VI aJJt ^>-Lj 

O-m-J aLj-uaJlj CjLu^LjJI a Js>-j 4.,2,ilr>. lLJIjjI^ a^aJI LLISLa-i 
diLu^LjJl JjLuj .«SjiA.j_a 4 -lLuj 11» t 4_J_L>- a JiA-j (Jj m 4 j9_& 

1 ~' j j ^ Lj j_uiJI ^i~ lT'^" ^ . 1 ^ ' 1 ^ j s> \ j 1 ^ 1 a jK ,1 \ 4_u2_uL>- iZj l o \£ 

(_yJjVI La I . 4 Lt-v MX L> j\ 4_t_uj_>u <_x_J Liu I 4.1a ta I41 -a- 1.1 aj 4j^L a 4 j J La 
<-Jul jl£ . Jlj JistltJl (_yJl a j.22a.aj a^y-iail 4_a-$-i-a-3 4 _uLiII La I j 4 rtj4 jJ3 

.«a(_yjiuJI Lajj 4olaL>. »L j_uLlI» L>»jLa Yves Rocard jl£jj 

. Lbjj_u;aj £ja t j->- 4_uIj j_uaJI LfcjjjLiLa _U Jlj>u ^1 jl ^".4Via 
.Leibniz y^lu^j La j^Xii I 4-i Ja LjjJ I a I jVI ^ jLa-"(,i,n~ 

I Jui>) «4j rtjii'v. IjIjlC.I» (J-JaLflliJI t_)L u> 

CjLuiaLjjJl ^-a->iJ 4_alla-a 4 j^_4j I_U_L>o (J7 o»j^yu^LXI ^Alai-a.l' 

JSLiaJ 4-Lu-a-) . (_^jLiuj L/taj ^Jju ( j 7 -S_lS_>J I J j_*J! L-kjaa . ( .. ?. Ljj_uiJ I j 

LlAL xia V 1 J Jl c. ya 1^1 <.1 j^.iu_Li JLlXI 1111 ^ if jiTu.il I ^l la < 11 1J 4 1 i~ii 

t( X / i j\ \ /T JlLa . jj„i,u5d' ) 4 j.,i,/ .1 ill jl JiC.VI j . 4 I 13 L 3 J' Jdu al^jVI £ja 
i a l^ljV I ya Lufc i-Lia IJ JlC. VI ya-LtZLAj JJ-U .11 4.1a.. . 1 1JlC Llaj ^ I A_ 4J!i-aTil I 
(jr ±jLa ((^^yj Lliilu 1» j «^jl J 4_iiL)) ^y-a-Ala.<^aa {jjz (J^LI) . 4_u Lliihi ' A_ ( _y-£> 

4.LiiujJl ula-i^J CjI^M*AI 4-C.I^j jL^laV lJ$\£ I JJt JaA ^.lAaLj 







^Lulu-uVI cjVjL^J. 1 (j-o ^Lc.j j.<^>L>Jl 

^Ir. 4(J-aL£oJlj c_iLlu-->J LgjLir. Jjjv-J V 4 4i_u_u^Jl 0 Jaii 

4_$jv 4:9JlII 4jl1L) dJL^jJI 4 ?Joii . alLj^seoJl 
4_uLjj_uaJl jjjUXl £)l (Jj 4i_<_ux2t£ jljiC.VI V JJiC. 4-la.a-) jlJuLa 

a ji 

. 4_Lal£JI 4*3 jjl <? Jl^j (.-dJjjLxi! 4-LLs (J7 ai> Vj <L£jjm C<..<.m-J 
3 Jo»J ahj-uillj diLu^LjJl 3 Jl>»j (j^£> A- Lla* 3JI (_£jJt_a -*-.l".j 
4JL>-^_a OaJaaSj .^>-VI (J^S_a L<iJa>-l ^jl J^!_a-> V ^a-oLlc. ^4>J 4 3^3^003 
Cj_a-4-Oj (Jj ‘.3 J^Jl 4? Jail t-als <^_ La^°i i_31 iTuTl^I 3 jliC.1 ((^ <^O^-3j')) 

a^I *11 4 , 1 . (i /1L JjjLdJl I Jl^J 4ilJ ^l£l ciJljjl 4_uiaiil i—al.ujuf> I ^jjvVLi 

.4J 4 to 3 r.t | y l | j 4_u Lj_iiJI 

Jj Jaiuj J, to 4 It Li^V 4 I Jj JjV laiajl JUU (jy aisj^Jl (jl VI 

4**<3 u ii ( _ 7 aJ! 4_u2aSJI i^j-a Jj^ej c_ )y.*~i.i n ) La l^_Li^ . SJa-^-II 4 ? J-^J 4 4j^ i^-~>~>J' 

^-LsLaJ.! 4o_u JxA oJui^l I j£L^3 .4_uLi j_uiiI a^JjlJI jj) t-i~ CjI j <^~>Li^Jl 1 _£j 
J| j i.O*tl 4 jL^J 2— CjojjJ J 4(..JjljJl £_La_ 3JI 4^Jol<fcVl) 4_ji:3J^5til 

(. 3,4,^>jJ l^a I Jiitajai Li 4 4^lLuIj (jjj_u ^ ‘ ^1-Ji ^1-3 (jyllJl 3 j-£>-VI 4 4_a_s JoLlI 

(j^. i 113 (I I j ~nc £_4 jj Ini I I j-^>- 4 3 . (.—£ I^£J I cj L£^>- (_J_tL>ij ^3 

^SL!l ISLulSLta L^jvLlreaooj Ca_)L£ ^^aJl 4 4aJ J LiaJl j_i jLaJ.1^ lLiLb^ a 4 - 01 .1I 
j-atS 4^L^I <jVI ^yLLU 4^-11.11 I 4-liLoVI 4?Jai ♦ (jj^ail L *-l' <4r- 

4^_ 4.4-0 L>- 4 3. 4 ,^ 1 ,' (JaajaJ. IJ 4 ^ 4 " if ^_tu laJ I ^j^3j I <J V->- Cj Luis Li^J I y lo 1 4^>. J 
J 4 4_jJjl (Jl J J_) L^aC 1-L40-1 J^au ^aJ I 4 dUj... . 11 jjljjJI dilj_j_4_>3 4 jL^_j 

fonction 4 jjL*JI (*Luh j 3JljJI oj&J& 1 3^ ^ii^lj I jj^^>o ji &I ^u^LLa 
Lo.^ 3 j^UI U".; j.A-t;.:JI IjiA j-L^i La^ .(presque) quelconque 

Jl i^Vjl^ 4 ^ 4 -o ^ C 3 4 ^o ' j_La .CjLljaa 5 eJ.I CjLstjlj 

1 (_y13r.7ii.lLi 4 4i3 'V l^e_aaaij I 4 La Jl>. I 4 a Lj^-loJ I a Lair 

(_) 4 - 0 , 43.1 4.4-olicj^ — ^^oJl LlLv CjL) 4_jl VI .CjI j i^oLjjJI a I al »l 4 ? Joii ,/,«i ra-Tt 11 

iy i~iC ^aoiLlII ^j^3Jl 4^_ aLij-uiJI L^_)l_u 4 CjLu^aLi jJl ^jl ~ 



i 4_ujJjl <_) 31 j_seJL1 4 a no jj t LcvjJ^j jJsaJ Li ^ic. 


4_^lieJj tLssJJ 4_o I J-itlL-u I (_£J-oj CjLl^-o-Se-a l_^x£ 


CjL L..i>J I 4 -oLl 4 3. i*~i) 4_uLojJL*J.I 4_^t_uj (_£jjl 

4-o-IajVl ^juj . 4_j^_u-j 3j~ a I' j}Xl4 L^j a^-3j (jlii 4 -lLlUcTl! 1 

4_ol_*Jl 3 _ulL 3JI jJiio-j L 03 U 0 cjLi US (jr ^j — jJ-oISjlII 4_LiL a j-±£- 4.tSLiolJj jJI 
l^y O C.y° ^-K) Li 11 (_yjl — o Llu.li.1 ^' 

. (j7 £_u-u JoLelll ( 3 >^ (jr^l ' O^J ‘l£ £ ^r^~ 

Oj L^la 1 4-0-1 Jl 3JI 4.3...U.U.I. I ^lSL>- }U I ciJ Li j I 4-aq.AI i ’1 i"i V 

, i 4 n 1 ,11 1 Jj j^>o ^yic. LLI 4 JLoj>.j t 4 _uLj j_uaJI 4_uoTu>J' JjJjv 

43..,.U^J j^3-3/»f> t4 _l*_>_lL> ^j_o LlU 4 _L£_oj jjl 

(J2jV (Feigenbaum ^jLLuula aI jlc.1) 3 4-oLc. £jc. <_il_3_<JI 

iS ,0 s e s 

^.l3j <j! 4.1a.-*. Ml Li 3jjj_>Jl jj-oVI £>-oj • <-LU 3 ^c. 4 _uo_a! 

Jlo jJt '^.Li 1 3j.t.<.^i-o ^Tu.iirv^UI Jlo ^yiiaLij -> 
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